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ABSTRACT 
Coronary Heart Disease (CHD) is the major cause of death in many developed 
countries and also in Hong Kong. Some studies have shown that people with the risk 
factors of CHD such as obesity, physical inactivity, hyperlipidemia and unhealthy 
dietary habits early in life will be at a higher risk of getting CHD in the future because 
of the evidence that such risk factors will track from the childhood into adulthood. 
However, there are limited data about the relationships between these risk factors in 
Hong Kong children. Therefore, a cross-sectional survey examining the blood 
cholesterol levels, obesity, diet, physical activity and genetic of Hong Kong children 
was carried out in November 1999 and March 2000 among 180 students (59% girls) 
aged 9.6 土 0.75 years from two local primary schools. 
Data collected included 3-day food records, food frequency, fasting finger-prick total 
cholesterol (TC) and triglyceride (TG) values, and anthropometric measurements. 
Information about physical activity patterns; family history of stroke, high blood 
pressure, heart disease and hypercholesteroemia; weight and height of parents; health 
status of the children; and some demographic characteristics were also collected. 
Results showed that high TC levels were observed in this group of children. The mean 
土 SD TC value was 4.36 土 0.79 mmol/L, with 43% of the subjects having a TC level 
above the acceptable level (4.4 mmol/L) recommended by the National Cholesterol 
Education Program in the United States. Owing to the limitation of the 
instrumentation, the TG values of only 56 children were available for analysis, and the 
mean 土 SD TG value was 1.10 土 0.34 mmol/L. Moreover, childhood obesity was 
evident, with 23% of the children were obese (median weight for height >120%, 
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‘ 11 
according to local references), 29% of the boys and 19% of the girls. In addition, 
unhealthy dietary habits were found. The diets of the children were high in fat (59% 
consumed >30% energy from fat), cholesterol (mean intake 241±115 mg/day and 29% 
of the children had intake >300 mg/day), and low in calcium (mean intake 406±223 
mg/day) and dietary fiber (mean intake 6±4 g/day). Furthermore, only 32% of the 
children performed any vigorous activity and more than half (54%) of the children 
performed only light level physical activity during their leisure time. The children 
spent most of their leisure time watching television and doing homework. 
Furthermore, the high TC levels in the children were related to obesity, certain eating 
habits, hours of watching television, father's BMI and a family history of 
hypercholesterolemia. Obesity in children was associated with inactive lifestyle, BMI 
of mother and a family history of hypercholesterolemia. This survey also 
demonstrated that clustering of the CHD risk factors existed in the obese children in 
Hong Kong, in which the risk of having at least four CHD risk factors was 4.5 times 
higher in the obese than the non-obese children. 
These findings clearly indicate the adverse health conditions of the Hong Kong 
children, as reflected by the high TC levels and a high prevalence of childhood obesity, 
in large part associated with the unhealthy eating habits and the inactive lifestyles of 
the children. Therefore, there is an urgent need for a population-based data collection 
among the children in Hong Kong to understand these phenomena more completely, as 
well as the vigorous promotion of a healthy lifestyle among the children and their 
families. 















兒童的血膽固醇水平達到或超過美國建議的危險水平診斷標準（<4.4 _ o l / L ) � 基於測試儀 
器的限制，只有 5 6名兒童被納入三甘油脂的分析中’而他們的三甘油脂均値水平爲 
1.10±0.34 mmol/L。此外’在180名兒童當中，總肥胖率達23% (根據本港數據’體重比身 
高大於中位數百分之一百二十），而在男女生的兩個組別內’男生的肥胖率爲29% ：女生 
的肥胖率爲19%。膳食數據顯示兒童的飮食習慣不健康’膳食中有較多脂肪(多於59%的 
兒童每日攝取超過總熱量30%) ’較多膽固醇(每日攝取241±115 mg及有29%的兒童每天 
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CHAPTER ONE: BACKGROUND AND LITERATURE REVIEW 
1.1 Coronary Heart Disease: a global health problem 
Coronary heart disease (CHD) is the leading cause of death in the industrialized 
countries, in which deaths due to cardiovascular disease (CVD) account for almost 
half of all mortality. In 1990, out of 10.9 million deaths in the industrialized 
countries, over 5.3 million were due to CVD, primarily CHD (2.7 million, 25% of 
total deaths) and cerebrovascular disease (1.4 million, 13% of total deaths) [Khor, 
1997]. 
However, as can be seen in Tables 1.1 and 1.2, reviewed by Khor [Khor, 1997] and 
Uemura et al. [Uemura and Pisa, 1985] of the mortality rates for CHD and 
cardiovascular heart diseases in some Asia-Pacific countries such as Australia, New 
Zealand and Japan, and many of the industrialized countries, have been on the 
decline since the mid-1960s. The main contributions towards this decline have 
been attributed to the medical interventions, improved control of hypertension, a 
decline in cigarette smoking, and a reduction in plasma cholesterol [Higgins and 
Thorn, 1989]. 
1 
Looking at mortality rates may have limited utility, since mortality rates also reflect 
disease severity at diagnosis and access to care. Therefore, it is also instructive to 
examine morbidity in the form of CHD risk factors and their prevalence in various 
populations. 
Table 1.1. Changes in the mortality rates of coronary heart disease for males and 
females aged 25-64 years in Australia, New Zealand and Japan. 
Country Years Male (%) Female (%) 
, Australia 1970/74-1980/84 ^ ^ ^ 
1980/84-1985/89 -25.4 -28.5 
New Zealand 1970/74-1980/84 -27.9 -29.2 
1980/84-1985/89 -17.6 -22.4 
Japan 1970/74-1980/84 -13.2 -33.6 
1980/84-1985/89 -10.9 -20.8 
Adapted from [Khor, 1997]. 
Table 1.2. Percentage changes in the mortality rates between 1970 and 1980 in some 
industrialized countries for the males and females aged 40-69 years. 
Cardiovascular Ischaemic heart disease 
Country Years M (%) F(%) M(%) F(%) 
Japan 1972-1982 ^ ^ ^4lT8 ^ ^ 
Australia 1972-1981 -32.1 -39.2 -32.6 -35.6 
USA 1972-1980 -28.4 -30.4 -35.8 -38.7 
Canada 1972-1982 -25.8 -26.7 -27.8 -35.8 
Belgium 1972-1981 -24.7 -26.8 -27.7 -39.8 
New Zealand 1972-1981 -22.8 -22.5 -22.9 -17.1 
France 1972-1981 -22.7 -35.1 -8.2 -24.6 
Finland 1972-1980 -19.6 -40.2 -13.1 -23.1 
England + Wales 1972-1982 -16.7 -19.6 -11.5 -7.1 
The Netherlands 1972-1982 -16.1 -23.3 -20.0 -21.1 
Switzerland 1972-1981 -11.2 -32.6 -0.20 -10.1 
Italy 1972-1980 -8.90 -27.8 +1.0 -19.9 
Denmark 1972-1982 -8.20 -17.4 -9.4 -10.9 
Sweden 1972-1982 -2.50 -20.1 +0.7 -19.4 
Adapted from [Uemura and Pisa, 1985；. 
2 
1.2 Risk Factors of Coronary Heart Disease 
Although the mortality rate of CHD is declining, CHD is still a single most important 
cause of mortality in the industrialized countries. What are the causes of such high 
CHD mortality rates worldwide? To answer this question, the risk factors of CHD 
should be examined. Atherosclerosis is the primary cause of CHD, and it is 
multifactorial in etiology. The development and progression of atherosclerotic 
vascular lesions are influenced by both genetic and environmental factors. The risk 
factors of CHD can be divided into the biological and modifiable groups. The 
biological, or non-modifiable risk factors, include age, gender and family history of 
cardiovascular disease. The modifiable risk factors, most of which have already 
been shown to have their origins in childhood, include elevated systolic blood 
pressure, hypercholesterolemia, cigarette smoking [Kodama et al., 1990] and obesity 
"Eckel and Krauss, 1998] as the major independent ones, and physical inactivity, 
diabetes mellitus and heavy alcohol consumption as the minor ones [Kannle, 1990; 
Grundy et al., 1998], In the following section, some of these risk factors will be 
discussed. 
1.2.1 Age 
The increase in mortality and morbidity of CHD with age for both men and women 
P'Agostino et al., 1989] is the result of the progressive accumulation of coronary 
J 
atherosclerosis throughout life [Grundy et al., 1998]. In Hong Kong for example, in 
1992 the CHD death rate among men in their forties (13.9 per 100,000 deaths) was 
about one-fifth that of males in their fifties (67.9 per 100,000 deaths), whose CHD 
mortality in turn was one-third of males in their sixties (205.8 per 100,000 deaths) 
[Department of Health, 1994:. 
1.2.2 Gender 
The second biological risk factor of CHD is gender, with more males than females 
experiencing CHD deaths. A study in Sweden of 1,462 women and 792 men found 
that during a 12-year follow-up period men aged 54 years upon entry had 3.2 times 
higher odds for incidence of coronary heart disease than women of the same age 
"Larsson et al., 1992]. In Hong Kong, the mortality rate of CHD for all ages in men 
(55.6 per 100,000 deaths) was about 7.3% higher than that in women (44.7 per 
100,000 deaths) in 1997, but because of the effect of menopause in women at 
advancing age, females aged 75 years or over have a higher CHD mortality rate than 
males of the same age [Department of Health, 1999]. Such difference in CHD 
mortality between genders may due to hormonal factors or gender differences in 
body fat distribution. 
4 . 
1.2.3 Family History of Cardiovascular Disease 
Besides advancing age and being male, a family history of CVD is also a risk factor 
for CHD [Myers et al.，1990; Allen and Blumental, 1998]. A study of 264 men 
under the age of 56 in East England showed that familial high blood fat was twice as 
common and familial high blood pressure three times as common in patients 
suffering with CHD than those who were used as reference patients and who were 
free from all evidence of the disease [Shillingford, 1981]. A review by Williams et 
/ 
al [Williams et al., 1992] showed that among 45,258 Utah families, the young adults 
in the 1,800 families with two or more early coronary events occurring in the first 
degree relatives had an approximately 12-fold increased risk of future early coronary 
disease than the youth without such family history. Framingham data indicate that a 
positive family history enhances the identification of offspring with adverse coronary 
risk factor levels [Muhonen et al.，1994]. In the Bogalusa Heart Study, a positive 
family history of heart attack was associated with a higher body mass index (BMI) 
and total cholesterol (TC) level in children and adolescents [Bao et al., 1995:. 
In acknowledgement of the results of these population-based studies, the National 
Cholesterol Education Program (NCEP) in the U.S. and the American Academy of 
Pediatrics consider a positive family history of premature CHD as a risk factor for the 
development of CHD and use it in defining risk status in children [National 
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Cholesterol Education Program, 1992]. They recommended screening for high 
cholesterol level only for children with a family history of hyercholesterolemia or 
premature coronary heart disease, and recommended it should be performed under 
the following circumstances: (1) in children and adolescents whose parents or 
grandparents, at 55 years of age or younger, underwent diagnostic coronary 
arteriography and were found to have coronary atherosclerosis (this includes parents 
and grandparents who have undergone balloon angioplasty or coronary artery bypass 
surgery); (2) in children and adolescents whose parents or grandparents, at 55 years 
of age or younger, had myocardial infarction, angina, peripheral vascular disease, 
cerebrovascular disease or sudden cardiac death; and (3) in children and adolescents 
with a parent whose total blood cholesterol level is 240 mg/DL or higher. If the 
biologic parental history of children is unavailable, particularly in children with other 
risk factors, cholesterol levels may be measured to identify children in need of 
nutritional and medical advice. 
Genetics is believed to exert its effect on the risk of CHD by governing individual 
susceptibility and response to the risk factors of CHD [Harrap and Watt, 1992], the 
so called “gene-environmental interaction". The results from the Framingham 
Longevity Study suggested that the familial similarities for death age may be 
mediated primarily through shared CHD risk factors within families, either genetic or 
6 
non-genetic [Brand et a l , 1992". 
1.2.4 Hypercholesterolemia 
High serum TC is one of the three major independent risk factors for CHD，apart 
from elevated systolic blood pressure and cigarette smoking [Kodama et al., 1990]. 
Strong epidemiological evidences showed that elevated TC is associated with an 
increased risk of coronary heart disease [Castelli, 1984; Stamler et al., 1986]. The 
Framingham Heart Study showed that increased in plasma TC levels increased the 
incidence of coronary artery disease at all ages [Castelli, 1990] and all-cause 
mortality at age 40 years [Kronmal et al., 1993] in both men and women after 30 
years of follow-up. Indeed, the same study found that a one percent rise in plasma 
TC levels is associated with an approximate two percent increase in CHD risk 
"Castelli, 1990]. Reduction of serum cholesterol levels reduces the incidence of 
cardiovascular events and the progression of coronary lesions and is associated with 
regression of coronary heart disease [Lipid Research Clinics, 1984; Brown et al., 
1990; Kane et al., 1990], whereas a 10% decrease in cholesterol levels corresponds, 
on average, to a reduction of about 25% in CHD incidence [Rose, 1989:. 
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Both diet and genetics play roles in determining the serum total cholesterol levels. 
A review by Grundy [Grundy, 1990] showed that a variety of genetic abnormalities 
in low-density lipoprotein (LDL) metabolism-defects in genes encoding for LDL 
receptors, defective regulation of LDL-receptor synthesis, abnormalities in the 
primary structure of apolipoprotein B-lOO, and defects in very- low-density-
lipoprotein metabolism causing overproduction of LDL-appear to underline many 
cases of hypercholesterolemia. The Finnish multi-center study of cardiovascular 
# 
risk in young Finns indicated that genetic background is a factor determining the 
serum TC levels in 9 to 18-year-old children and adolescents [Pesonen et al., 1994:. 
Further study of 843 children with a mean age of 8.6 years in South Australia also 
indicated the TC levels of children were positively associated with the serum TC 
levels of their parents (r=0.25-0.35) [Boulton et al., 1995a；. 
On the other hand, a major nutritional determinant of the differences in serum TC 
levels is the proportion of saturated fat in a diet [Blackburn, 1983; Knuiman et al., 
1983; Knuiman et al., 1987; Keys, 1997]. Some saturated fatty acids (SFA) are 
more atherogenic or hypercholesterolaemic, while others have greater role in 
thrombogenesis. Fatty acids with up to 10 carbon atoms do not influence plasma 
cholesterol, and it has been confirmed that stearic acid (CI8:0) does not raise serum 
cholesterol. The putative atherogenic SFAs are lauric acid (CI2:0), myristic acid 
8 
(CI4:0) and palmitic acid (C16:0). In addition, dietary trans-monounsaturated fatty 
acids (MUFA) are also cholesterol-raising fatty acids, while cis-MUFA and 
polyunsaturated fatty acids (PUFA) of the n-6 and n-3 series are 
hypocholesterolaemic [Ulbricht and Southgate, 1991; Aggett et al., 1994]. The 
classic Seven Countries Study showed that the average percentage energy from total 
fat, SFA and the trans-MUFA elaidic acid are correlated with the average serum 
concentrations of TC from 16 cohorts in seven countries [Kromhout et al., 1995:. 
t 
The cross-cultural comparison between Taipei Chinese and Framingham Americans 
found that Chinese men and women in Taipei who consumed less total fat (35% vs. 
39%), SFA (9g vs. 16g) and more polyunsaturated fatty acid (PUFA) (13g vs. 8g) as 
percent energy had significantly lower mean TC concentrations (5.00 mmol/L vs. 
5.40 mmol/L for men and 4.79 mmol/L vs. 5.23 for women) than Framingham 
Americans [Lyu et al., 1994]. The relationship between diet and the serum TC 
levels was also found in children. A study of 1682 Spanish children and adolescents 
aged two to 12 years showed that the children who consumed more total fat and 
saturated fat had a significantly higher mean TC level, while those who consumed 
more monounsaturated fat had a significantly lower mean serum level of TC 
[Gonzalez-Requejo et al., 1995]. All these findings demonstrate that a population 
with a diet relatively high in PUFA or MUFA and low in SFA or total fat intakes had 
a more favorable lipid profile with a lower serum TC level. 9 
A study by Knuiman et al. [Knuiman et al. 1979] in seven- and eight-year olds boys 
from 16 countries showed that the mean TC levels were highest in the boys from 
American and European countries, followed by Asian countries, and the lowest levels 
were observed in African countries (Table 1.3). High serum TC levels in children is 
a matter of concern, since the serum TC values have been shown to track from 
childhood into adulthood. Children and adolescents with elevated serum 
cholesterol levels are more likely than the general population to have a high level as 
adults [National Cholesterol Education Program, 1992], and childhood levels of 
serum lipids and lipoproteins are good predictors of the levels in young adulthood. 
The Cardiovascular Risk in Young Finns Study showed that approximately 50% of 
those children who initially were in the extreme quintiles of total cholesterol were in 
the same lipid quintiles after 12 years [Porkka et al., 1994b]. Moreover, the initial 
childhood or adolescent TC values were found to be the most significant predictor of 
the adult TC levels, as the baseline TC levels explained 22% to 39% of the variability 
in the 12-year follow-up total cholesterol levels [Porkka et al., 1994b]. Stronger 
tracking was found in 237 6- to 14- year-old Spanish children and adolescents after 
five years of follow-up [Sanchez-Bayle et al., 1996]. The overall correlation 
coefficient for all ages between the initial and the final TC levels was 0.66, and more 
than 70% of the children who were in the top quintile of TC in 1989 remained in the 
top quintile five years later [Sanchez-Bayle et al., 1996:. 
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Table 1.3. Mean total cholesterol values of boys aged seven and eight years in 16 
countries. 
Country Mean total cholesterol (mmol/L) Total number jn) 
Africa 
Ghana 3.54 35 
Ivory Coast 3.15 35 
Nigeria 3.36 36 
Asia 
Pakistan 3.78 36 
Philippines 4.09 27 
America 
U.S.A. 4.32 34 
Europe 
Finland 4.84 35 
Poland 4.58 33 
Denmark 4.50 36 
Sweden 4.50 35 • 
Austria 4.45 30 ‘ 
Ireland 4.42 36 
The Netherlands 4.27 39 
Hungary 4.11 38 
Portugal ^ 35 
Source: [Knuiman et al. 1979" 
1.2.5 Unhealthy Dietary Habits 
The effects of diets on the risk of CHD are well demonstrated in three cohorts of 
middle-aged men of Japanese ancestry living in Japan, Honolulu, or San Francisco 
Takeya et al., 1984]. The differences in total fat (and saturated fat) intake for the 
Japan, Honolulu, and San Francisco groups were 15% (7%), 33% (13%), and 38% 
(16%), respectively; cholesterol intakes were 464, 545，533 mg/day, respectively. 
Such low total fat, SFA, and daily cholesterol intakes of Japanese men living in Japan 
corresponded to a relatively lower coronary artery disease mortality, in which 11 
coronary artery disease mortality was 1.7 times higher in the Hawaii and 2.8 times 
higher in the San Francisco groups when compare to the Japan group. 
Relationships between diets and CHD mortality for populations of different genetic 
origin are shown by the study in 40 countries and the Seven Countries Study. 
Artaud-Wild et al. [Artaud-Wild et al., 1993] showed that the percent energy from 
total fat and SFA and cholesterol intakes expressed as milligrams per 1000 
kilocalories were associated with the CHD mortality rates in men aged 55-64 years in 
40 countries (r=0.62, r=0.77 and r=0.69, respectively). After adjustment for SFA 
and cholesterol, MUFA and PUFA intakes were significantly and negatively 
correlated (both r=-0.33, p<0.05) with coronary heart mortality. The specific SFA 
that is related to the mortality of CHD was further analyzed in the Seven Countries 
Study [Kromhout et al., 1995]. In that study, the average intakes of all major SFA 
in 12,763 men aged 40-59 years were highly associated with 25 years mortality rates 
from CHD (SFA, r二0.88; lauric acid (C12:0), r=0.84; mystric (C14:0), v=OM; 
palmitic acid (C16:0), r=0.81 and stearic acid (C18:0)，r=0.84). The average 
intakes of total fat (r=0.60), dietary cholesterol (r=0.55) and trans-MUFA elaidic acid 
(r=0.78) were also correlated with 25-year mortality from CHD, but that of 
unsaturated oleic acid and linoleic acid were not. Thus all these studies are 
consistent and show that total fat, SFA and cholesterol intakes are positively 
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associated with coronary artery disease risk. Moreover, MUFA and PUFA intakes 
are strongly and negatively associated with coronary heart disease mortality when 
adjustments are made for SFA and cholesterol intakes. 
A review by Lewis [Lewis, 1990] enabled him to predict the diet recommended by 
the American Heart Association would be accompanied by 61% fewer coronary 
deaths and 43% fewer deaths from all causes. A diet comprising less saturated fat, 
more polyunsaturated fat, less cholesterol and a consequent fall in the serum 
cholesterol levels would be accompanied by a relative risk of dying from coronary 
disease of 32% (two-thirds lower than the relative risk associated with a typical 
American diet) and a relative risk of all-cause mortality of 50%, which also 
corresponded to a predicted increase in life expectancy of 5 years [Lewis, 1990]. 
Changes in dietary fat consumption patterns are associated with CHD mortality rates 
worldwide. A review by Epstein [Epstein, 1989] found that the dietary changes in 
animal fat consumption between 1961 and 1985 in 27 countries were correlated with 
marked declines or increases in CHD mortality respectively, with reductions or 
increases in the intake of animal fats. Additionally, Khor's review [Khor, 1997； 
showed that mortality from CHD was associated with the proportion of dietary 
energy from fat. For example, in New Zealand and Australia, the countries with the 
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highest CHD mortality in Asia-Pacific region, more than 35% of total energy is 
derived from fat, compared to only 25% in countries such as Japan and Singapore 
(Table 1.4). 
Table 1.4. Coronary heart disease mortality rates (for all ages, per 100,000 population) 
and proportions of daily dietary energy from fat, carbohydrate and protein in 1986-
1988 in several Asia-Pacific areas 
Country CHD mortality rate Fat (%) Carbohydrate (%) Protein (%) 
New Zealand 401 (in 1991) ^ 
Australia 352 (in 1992) 36.8 51.3 11.9 
Singapore 173 (in 1991) 25.3 63.4 11.3 
Japan 83 (in 1992) 25.6 ‘ 61.7 12.7 
Malaysia 50 (in 1990) 25.6 8.7 
Adapted from [Khor, 1997]. 
1.2.6 Obesity 
Obesity, defined as excess accumulation of body fat, is associated with increased 
mortality [Stunkard, 1996]. In adults, obesity is associated with hypertension, non-
insulin dependent diabetes mellitus, hyperlipidemia, osteoarthritis, gallbladder 
disease, certain cancers and also cardiovascular disease [Garrow, 1992:. 
Obesity has been reclassified by the American Heart Association as a major 
modifiable risk factor for coronary heart disease [Eckel and Krauss, 1998]. The 
Framingham Heart Study also indicates that obesity is an important and independent 
risk factor for CHD [Hubert et al., 1983]. A study showed that 10% reduction in 
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weight lowers incidence of coronary disease in women by an average of 20% 
Xannel, 1990], this maybe the result of the associated improvement in the glucose 
tolerance, decreases in blood pressure and total cholesterol [Eckel and Krauss, 1998]. 
In addition, a 10% increase in weight may result in a 30% increase in coronary 
disease incidence in men because of the worsening blood lipids and increase in blood 
pressure [Kannel, 1990:. 
Body Mass Index (BMI), defined as weight in kg divided by the square of height in 
meters, is the simplest and most commonly used assessment method for obesity, as 
BMI generally correlates highly with adiposity. The World Health Organization 
(WHO) [WHO, 1998] has proposed a classification of obesity based on BMI, in 
which adults with BMI greater than 25 kg/W are considered as overweight and those 
with BMI greater than 30 kg/m^ are obese. However, the Asia-Pacific Steering 
Committee on Obesity pointed out that such classification is inappropriate for the 
adults in the Asia-Pacific region, as in Asian populations, morbidity and mortality are 
occurring in people with a lower BMI cut-off value than that of Westerners [Asia-
Pacific Steering Committee on Obesity, 2000]. A study of 1513 Hong Kong 
Chinese showed that the risk, as estimated by odds ratio, of diabetes, hypertension, 
dylsipidemia and albuminuria starts to increase at a BMI of about 23 kg/m^ 
Therefore, the committee recommend lower cut-off values for overweight (BMI > 
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23.0 kg/m^) and obese (BMI > 25.0 kg/m^) Asians [Asia-Pacific Steering Committee 
on Obesity, 2000] (Table 1.5). 
Table 1.5. Classification of weight by body mass index for Western and Asian 
populations. 
BMI (kg/m-) 
Classification Western* Asian** Risk of co-morbidity 
Underweight < 18.5 < 18.5 L ^ 
(but increased risk of 
other clinical problems) 
Normal range 18.5-24.9 18.5-22.9 Average 
Overweight > 2 5 > 2 3 
Pre-obese / 25-29.9 Increased ‘ 
At risk 23-24.9 Increased 
Obese I 30-34.9 25-29.9 Moderate 
Obese II 35-39.9 > 3 0 Severe 
Obese III > 40 Very severe 
* Adapted from [World Health Organization, 1998]. 
** Adapted from [Asia-Pacific Steering Committee on Obesity, 2000；. 
Besides a single BMI cut-off value not being universally applicable for adults, a 
recent study of 979 children aged 3-18 years living in Texas found that BMI is a poor 
indicator for assessing the true degree of adiposity of children, especially the boys 
[Ellis et al., 1999]. That study found that 6-10 percent of the children would be 
misclassified by BMI measure as normal; although their percentage of fat measured 
by dual-energy x-ray absorptiometry was above 85�*" percentile, a level at which the 
children were classified as at risk of obese or obese. At the same time, 17 percent of 
the boys and 17 percent of the girls with a normal percentage of fat were incorrectly 
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classified as at risk or overweight if using the BMI as a measure. The author 
concluded that BMI is a poor measure for adiposity and should not be used alone in 
assessing the adiposity of children [Ellis et a l , 1999:. 
With respect to the limitations of BMI, body fat distribution, measured as waist-to-
hip-ratio (WHR), has been suggested to be a stronger indicator of CVD and other 
metabolic complications of obesity than overall fatness as measured by BMI. A 
higher WHR corresponds to abdominal adiposity or male type, apple, android or 
central obesity, whereas a lower WHR is related to extremity adiposity or female type, 
pear, gynoid or peripheral obesity. Studies have shown that men and women with 
an abdominal distribution of fat are at greater risk of ischaemic heart disease, 
hypertension, diabetes mellitus, and hyperlipidemia than those with a greater amount 
of adipose tissue located peripherally [Peiris et al., 1989]. In adults, WHR can 
explain a greater risk of death from CHD in men than women [Larsson et al., 1992], 
as men are more susceptible to upper body fat accumulation (android obesity) 
whereas women tend to have greater accumulation of fat in the gluteo-femoral (hip-
thigh) region (gynoid obesity). In children and adolescents, body fat distribution 
was found to be a more important independent correlate of cardiovascular risk factors 
than percent body fat [Daniels et al., 1999；. 
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However, recently, waist circumference (WC) alone seems to be turning out to be 
still a better indicator of central obesity, having a strong and an independent effect on 
the risk factors of CHD. A recent study of 767 Hong Kong adults of mean age 43 
years (standard deviation, SD 14) which used WC as an indicator of central obesity 
showed that the increasing degrees of WC were associated with an increasing number 
of the risk factors of metabolic syndrome (hypertension, dyslipidemia, albuminuric 
and type 2 diabetes mellitus) independent of age and sex [Lee et al., 2000:. 
Moreover，WC was also found to have closer associations with fasting plasma 
glucose concentration, blood pressure, and the TC, LDL cholesterol and triglyceride 
(TG) concentrations than BMI and plasma insulin [Lee et al., 2000]. In addition, a 
review by Haffner [Haffner, 2000] of the results from the San Antonio Heart Study 
reported that, of the 721 Mexican Americans aged 25-64 years studied, WC was the 
strongest and the only significant predictor of type 2 diabetes, in which the predictive 
power of a single measurement of WC was at least equal to that of WHR and BMI 
combined. Furthermore, the Bogalusa Heart Study also showed that WC, as an 
indicator of truncal fat pattern, was associated with the adverse lipid profiles 
Treedman et al., 1989] and the insulin levels [Freedman et al., 1989; Freedman et al., 
1999] in children and adolescents. All the above findings suggested that WC rather 
than hip circumference (HC) or WHR should be the main focus of the study of the 
relationships between body fat distribution and the risk factors of CHD. 
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Obese children are more likely to become obese adults, with the risk of adult obesity 
is at least twice as high for obese children as for non-obese children [Serdula et al., 
1993]. A study of the long-term morbidity and mortality of 508 lean and 
overweight adolescents showed that overweight in adolescence predicted a broad 
range of adverse health effects that were independent of the adult weight after 55 
years of follow-up [Must et al., 1992]. In that study, overweight in adolescence was 
associated with an increased risk of mortality from all causes (relative risk of 1.8 
compare to lean adolescents) and disease-specific mortality among men (relative risk 
of 2.3 for CHD, 13.2 for atherosclerotic cerebrovascular disease and 9.1 for 
colorectal cancer), the relative risks remaining significant and only decrease slightly 
after adjustment for the adult body mass index. The risks of morbidity (crude 
relative risk) from CHD (2.1) and atherosclerosis (7.7) were increased among men 
and women who had been overweight in adolescence, while the risks of colorectal 
cancer (6.5) and gout (3.1) were increased among men and the risk of arthritis (2.0) 
was increased among women who had been overweight in adolescence. It was 
therefore concluded that overweight in adolescence is a more powerful predictor of 
such risks than overweight in adulthood [Must et a l , 1992:. 
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1.2.6 Physical Inactivity 
Physical activity, defined as "bodily movement produced by skeletal muscle that 
requires energy expenditure" [National Institute of Health, 1996], is well recognized 
as an independent risk factor reducing the risk of CHD. Framingham research 
showed that physically active individuals are at a lower risk of having CHD than 
those who are physically inactive [Kannel et al., 1985; Kannel et al., 1986:. 
Findings of Leon et al. in 12,138 middle-aged men in the Multiple Risk Factor 
Intervention Trial showed that physical fitness is associated with a reduction of CHD 
and all-cause mortality after adjustment for age, education, total family income, 
serum cholesterol level, diastolic blood pressure, smoking habits, high-density-
lipoprotein (HDL) cholesterol level, BMI and alcohol consumption [Leon et al., 
1997]. 
Physical activity also has been found to be related to other risk factors of CHD. A 
study in Australia of 6,814 males and females aged 25-64 years showed that adults 
who are more physically active have more favorable systolic blood pressure, total 
serum cholesterol, HDL cholesterol, HDL cholesterol-to-TC-ratio and TG than those 
who are less active [Bauman and Owen, 1991]. In addition to a more beneficial 
HDL cholesterol-to-TC-ratio, subscapular skinfold thickness (SSF), serum insulin 
and serum TG concentrations of active adults, physical activity has also been found 
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to be related to less smoking, a lower consumption of SFA and a higher 
polyunsaturated fatty acid to saturated fatty acid (P/S) ratio [Raitakari et al., 1994a . 
A study in 3,331 Japanese men also showed that the physically active men (n二931) 
had significantly higher HDL-C values, lower skinfold thickness, WHR and smoking 
rates than the inactive men (n二2400) [Hsieh et al., 1998]. Furthermore, a review 
by Lewis [Lewis, 1990] found that the people who are physically active have more 
favorable lipoprotein patterns (lower plasma cholesterol, TG, higher plasma HDL 
cholesterol levels) than those who are sedentary, and this is possibly because 
physically active people have, on average, less adipose tissue and greater muscle 
mass than the sedentary people. 
The associations between physical activity and the risk factors of CHD have also 
been found in children. A study of 633 fourth grade children with a mean age of 9 
years in New York found that adverse systolic blood pressure and HDL cholesterol 
levels were observed in the children with poor physical fitness, and after five years of 
observation, unfavorable long-term changes in physical condition in childhood were 
related to unfavorable changes in blood pressure and serum lipids [Hofman and 
Walter, 1989]. These findings have been supported by other studies, which also 
show that a high level of physical activity in childhood is associated with more 
beneficial serum lipid and lipoprotein profiles [DuRant et al., 1993], insulin level 
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[Raitakari et al., 1997], systolic blood pressure [Dwyer and Gibbons, 1994], 
cardiorespiratory fitness [Boreham et al., 1997], and inversely associated with 
obesity [Hofman and Walter, 1989; Wong et al., 1995; Yand and Hu, 1998] in both 
childhood and early adulthood. 
Genetics is believed to exert certain effects on the relationships between physical 
activity, CHD and also its risk factors. A review by Montgomery of the genetic 
variations and the responses to exercise [Montgomery, 2000] pointed out that the 
responses of the blood lipids, heart rate, blood pressure, body mass and composition 
to exercise are strongly influenced by our genetic inheritance. But at the same time, 
physical activity also affects gene expression and modulates the susceptibility of 
individuals to chronic disease. An animal study by Chen [Chen, 2000] showed that 
aerobic exercise up-regulated certain protein translations resulting in the moderation 
of lipid disorders. Such influences on gene expression may counterbalance the 
effects of genetic predisposition to increase in body weight and body fat [Chen, 
2000]. 
Television viewing, as a kind of leisure time activity, has been shown to be 
associated with pediatric hypercholesterolemia and obesity. A study by Wong et al. 
；Wong et al., 1992b] in 1,081 children and adolescents aged 2-20 years found that 
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other than a positive family history of hypercholesterolemia and premature 
myocardial infarction, excessive television viewing was the strongest predictor for a 
child to have a high TC level. Those children watching 2 to 4 hours of television 
daily were approximately twice as likely, and those watching more than 4 hours daily 
approximately four times as likely as those watching less than 2 hours daily to have a 
high serum TC level. Moreover, the study by Gortmaker et al. [Gortmaker et al., 
1996] in 746 youths aged 10 to 15 years in the United States showed that television 
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viewing was significantly associated with obesity, and there was clear evidence of a 
dose-response relationship. The odds of being overweight were 4.6 times greater 
for the youths watching more than 5 hours of television per day compared to those 
watching for 0 to 2 hours after adjusting for previous overweight, baseline maternal 
overweight, socioeconomic status, household structure and ethnicity. The increase 
in incidence and decrease in remission of overweight were also found to be 
associated with television viewing during a 4-year period [Gortmaker et al., 1996]. 
Results of the Third National Health and Nutrition Examination Surveys 
(NHANESIII) in 4063 children aged 8 to 16 years also showed that boys and girls 
who watched 4 or more hours of television each day had significantly greater body 
fat (skinfold thicknesss) and BMI than those who watched less than 2 hours per day 
[Woodring, 1998]. 
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1.3 Clustering of Risk Factors 
The clustering of cardiovascular risk factors such as abdominal obesity, hypertension, 
dyslipidaemia and glucose intolerance in the same person has been called syndrome 
X, insulin-resistance syndrome or the cardiovascular metabolic syndrome [Groop, 
2000], but recently, WHO chose to call this condition the "metabolic syndrome" and 
proposed a unifying definition for the syndrome [Alberti and Zimmet, 1998:. 
According to the WHO proposal, a person is diagnosed as having the metabolic 
syndrome if he or she has type 2 diabetes or impaired glucose tolerance together with 
two of the criteria listed below. A person with normal glucose tolerance has the 
metabolic syndrome if that person fulfils two of the criteria in addition to being 
insulin resistant. The criteria are: 
1. hypertension defined as antihypertensive treatment and/or blood pressure > 
160/90 mm Hg; 
2. dyslipidemia defined as elevated plasma triglyceride (> 1.7 mmol/L) and/or 
low HDL cholesterol concentrations (< 0.9 mmol/L in men, < 1.0 mmol/L in 
women); 
3. obesity defined as high BMI (> 30) and/or high waist-hip ratio, WHR* (> 
0.9 in males, > 0.85 in females); 
4. microalbuminuria (overnight urinary albumin excretion rate > 20 \ig/mm). 
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Consequently, Groop [Groop, 2000] showed that by applying the above definition to 
the population from the Botina study in Finland and Sweden, about 10% of the 
persons with normal glucose tolerance, 40% of the persons with impaired glucose 
tolerance and 70% of the patients with type 2 diabetes would be classified as having 
the metabolic syndrome. More important is that the presence of the metabolic 
syndrome was associated with a threefold increased risk of CHD, myocardial 
infarction and stroke [Groop, 2000'. 
The clustering of risk factors for CHD not only exists in adults, but also in children 
[Raitakari et a l , 1994b; Chu et al., 1998]. A study by Chu et al. [Chu et al., 1998] 
in 1,366 Taipei children and adolescents aged 12 to 16 years showed that the obese 
boys had significantly higher blood pressure, ratio of total to HDL cholesterol, 
glucose, cholesterol, triacylglycerol, HDL cholesterol, LDL cholesterol, 
apolipoprotein A-I, and apolipoprotein B concentrations than the non-obese boys. 
Blood pressure, HDL cholesterol, LDL cholesterol, and ratio of total to HDL 
cholesterol were significantly different between the obese and the non-obese girls. 
Moreover, approximately 70% of the obese boys and 55% of the obese girls in that 
study had one CVD risk factor other than obesity. The prevalence of having two or 
more CVD risk factors was four to five times greater in the obese than in the non-
obese children [Chu et al., 1998:. 
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1.4 Risk Factors in Children: Atherosclerosis Begins Early in Life 
Extensive studies of cardiovascular risk factors have focused on children, as 
autopsy studies have demonstrated that early coronary atherosclerosis or precursors 
of atherosclerosis often begin in childhood and adolescence, and lipid deposition in 
the arterial intima occurs from the first year of life onward [Stary, 1989; Strong et al., 
1992b]. A review [Strong, 1992a] of the natural history, risk factors, and 
topography of atherosclerotic lesions found that at the age of ten years, practically 
* 
100% of all aortas of all 4,737 young subjects aged 10 to 39 years from six 
geographic-ethnic groups over the world had aortic fatty streaks. These findings 
confirmed a previous assertion that atherosclerosis is a pediatric problem because 
aortic fatty streaks develop extensively in childhood, coronary fatty streaks begin to 
form in adolescence, and fibrous plaques begin to develop in the teenage years, with 
progression continuing into the third decade of life. 
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CHAPTER TWO: RESEARCH IN HONG KONG AND 
PURPOSES OF THIS STUDY 
2.1 Nutrition Transition 
Hong Kong has enjoyed rapid economic growth and development over the last two 
decades. Accompanying the Western influences on the dietary habits and lifestyle, 
Hong Kong has also followed the stages of nutrition transition, in which a diet high 
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in complex carbohydrates and fiber has given way to a more varied diet with a higher 
proportion of fats, saturated fats, and sugar [Perisse et al., 1969; Food and 
Agriculture Organization of the United Nation, 1970]. A review by Drewnowski et 
al. [Drewnowski and Popkin, 1997] pointed out that this shift in diet structure 
accompanies demographic shifts associated with a higher life expectancy and a 
reduced fertility rate. An associated epidemiologic transition also occurs as patterns 
of disease shift away from infectious and nutrient deficiency diseases toward higher 
rates of coronary heart disease and some types of cancer [Popkin, 1994]. The 
nutrition transition has also been associated with a higher prevalence of obesity, 
particularly childhood obesity [Popkin et al., 1996]. All these nutrition, as well as 
demographic and epidemiologic transitions, and the concomitant increase in 
childhood obesity are occurring in Hong Kong. 
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2.2 CHD Mortality Trends in Hong Kong 
In Hong Kong, heart disease, with CHD as the major category, has become the 
second leading cause of mortality during the past 20 years [Yu et al., 1995]. In 
1997, the top three killers were malignant neoplasm, heart disease and pneumonia 
Pepartment of Health, 1999]. Heart disease, which was the second killer in Hong 
Kong since the 1970s, accounted for 4,806 deaths in 1997. CHD, which accounted 
for 67.9% of all deaths from heart disease, emerged as the biggest killer in Hong 
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Kong, responsible for 3,265 fatalities in 1997 and outnumbering the second leading 
cause of death, lung cancer, by 297 deaths [Department of Health, 1999]. Socio-
economic class is known to influence the CHD mortality patterns, it has been 
reported in Hong Kong that the more affluent population groups, which include 
professionals, administrative and managerial workers, have higher standardized 
mortality rates for CHD than do the manual and agricultural workers [Lam et al., 
1984; Wong and Donnan, 1992]. 
With a CHD mortality rate between 50-100 per 100,000 population, Hong Kong 
ranked fourth in the Asia-Pacific region [Drewnowski and Popkin, 1997] (Table 2.1). 
Nevertheless, the CHD mortality rate in Hong Kong is lower than that in most of the 
developed countries (except Japan): among Chinese in Hong Kong, the prevalence of 
coronary artery disease and mortality are approximately one-eighth to one-quarter of 
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the average figures for Caucasians [Woo and Donnan, 1989]. 
Table 2.1. Coronary heart disease mortality rates in selected Asia Pacific areas (for all 
ages, per 100,000 population). 
Mortality rates of CHD 
Males Females 
New Zealand 1991 ^ 173 
Australia 1992 191 161 
Singapore 1991 104 77 
Hong Kong 1991 56 37 
Japan 1992 45 38 
China 1990-Urban 49 46 
Rural ^ ^ 
Adapted from [Drewnowski and Popkin, 1997:. 
However, whereas other industrialized countries experienced a decline of CHD 
mortality two decades ago, the CHD mortality rate is increasing in Hong Kong. 
During the past twenty years, the crude death rates from CHD nearly doubled in 
Hong Kong, from 28.4 per 100 000 population in 1972 to 54.7 per 100 000 
populations in 1992 [ Department of Health, 1994]. Of all deaths from heart 
disease, CHD accounted for 67.9% in 1997, compared to 55.1% in 1982 and 38.6% 
in 1972 [Department of Health, 1999; Department of Health, 1994]. 
2.3 Serum Total Cholesterol and Obesity in Hong Kong Adults 
The leading position and increasing rate of CHD mortality in Hong Kong may be 
attributed to the high serum TC levels and high prevalence of obesity. Hong Kong 
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Chinese have acquired a serum total cholesterol level similar to those in other 
developed Western populations [Fong et al., 1994]. A territory-wide survey on the 
cardiovascular risk factors of 2,875 men and women aged 25-74 years showed that 
the mean TC levels were 5.1 mmol/L and 5.0 mmol/L for men and women, 
respectively [Janus, 1997]. Forty-six percent of the men and 41% of the women 
had TC levels greater than 5.2 mmol/L, and another 12-13% of the men and the 
women had TC levels greater than 6.2 mmol/L, approaching those levels found in the 
US and Australia, and similar to the levels of the Taiwanese [Janus, 1997]. 
Adult obesity is well established in Hong Kong. A population-based survey in 1995 
Janus, 1997] in 2,875 Hong Kong adults aged 25-74 years found the existence of 
overweight and obesity, in which 49% to 58% of the adults had BMI > 23.5kg/m^ 
another 34% to 38% of the adults had BMI > 25.0 kg/m^ and 5-7% were obese with 
a BMI > 30 kg/ml The studies about obesity in Hong Kong adults found that 
obesity was an important independent variable for lipid abnormalities [Lau et al., 
1993]. A study of 1,513 Chinese aged 30-65 years has already shown that the 
metabolic syndrome exists in Hong Kong Chinese and its components had causal 
effects upon one another [Chan et al., 1996]. Moreover, a recent study in 767 
Hong Kong Chinese with mean age 43 years (SD 14) showed that obesity, as 
reflected by either BMI or WC, was the key determinant of the cardiovascular risk 
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factors, fasting plasma glucose concentration, blood pressure, and HDL-C and TG 
concentrations, and that the effects were even greater than that of plasma insulin on 
various components of the metabolic syndrome [Lee et a l , 2000:. 
2.4. Obesity, Serum Total Cholesterol, Dietary Habits and Physical Activity of Hong 
Kong Children and Adolescents 
Studies in Hong Kong children and adolescents infer that the health status of Hong 
Kong Chinese will worsen and the CHD mortality rate will further increase in the 
future. As obesity has emerged, high serum TC levels, unhealthy dietary habits and 
physically inactive lifestyles have also been reported in Hong Kong children and 
adolescents. 
A territory-wide study of 25,000 children showed that the prevalence of obesity 
(>120% median weight after adjusting for height) in Hong Kong children aged 3-18 
years was 10% (11% for the boys and 9% for the girls), with peaks at 17 years of age 
for girls and 11 years of age for boys in 1993 (Figure 2.1) [Leung et al., 1996:. 
When compared to the Hong Kong children surveyed 30 years ago, percentage 
change in weight was larger than that of height of children at 18 years of age, and an 
increase in adolescent obesity was also noticed [Leung el al” 1996]. A subsequent 
small study of 869 primary school pupils confirmed a higher prevalence of obesity in 
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the pre-teenage boys than in the girls, in which 23% of the surveyed boys and 10% of 
the girls aged 9 to 12 years were obese [Guldan et al., 1998:. 
Figure 2.1. Prevalence of obesity in Hong Kong children and adolescents aged 3-18 
years by gender 
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Source: [Leung et al., 1996: 
Accompanying a high prevalence of childhood obesity, a high serum TC level was 
found in 94 seven-year old children in Hong Kong. The mean TC levels for boys 
and girls were 4.59±0.91 mmol/L and 4.58±0.72 mmol/L, respectively [Leung et al., 
1994b]. The overall mean serum TC level of the 94 seven-year old Hong Kong 
children was not only significantly higher than that of a group of children in 
Jiangmen, China [Leung et al., 1994c], but also higher than that of children in the 
developed countries such as America, Australia, Austria, Ireland, Denmark and 
Sweden, with the only exception being the children in Finland [Leung et al., 1994b". 
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Leung et al. attributed the higher serum TC level of the children in Hong Kong than 
that of those in Jiangmen in China possibly to the differences in dietary composition 
of the two groups of children [Leung et al., 1994c]. Daily fat intake (48g vs. 35g) 
of the 94 seven-year old children in Hong Kong was 37% higher, percent energy 
from SFA (14.06±5.27 vs. 10.61 土5.06) was significantly higher and P/S ratio 
(0.69±0.24 vs. 0.81 ±0.25) was significantly lower than the 99 Jiangmen children 
aged seven years. 
In fact, unhealthy dietary habits have also been reported in Hong Kong adolescents 
[Lee et al., 1994]. The diet of 179 Hong Kong adolescents aged 12 years was found 
to be high in saturated fat, cholesterol and total fat, but low in fiber and P/S ratio 
(Table 2.2) [Lee et al., 1994]. Over 61% of the individuals had a saturated fat 
intake greater than 10% of percent energy, and 79% of them had a daily cholesterol 
intake above 300mg. Animal protein was the predominant source of protein and 
meat was the principal source of fat intake, contributing 45% of dietary fat, while the 
consumption of unrefined grains, vegetables and fruits was low. 
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Table 2.2. Diet of Hong Kong children aged 12 years. 
Nutrients Mean 土 SD 
Energy (kcal) 2164 ±766 
Carbohydrate (g) 274 土 91 
Protein (g) 107 土 44 
Fat (g) 71 土 33 
Cholesterol (mg) 481 土 246 
Fiber (g) 3.5 土 2 
P/S 0 . 4 3 土 0.11 
% energy derived from: 
Carbohydrate 51.4 土 7.0 
Protein 19.7 ±3.1 
Fat 28.3 ±5 .2 
SFA 10.4 ±2.1 
MUFA 11.5 士 2.3 
PUFA 4.4 土 0.96 
Source: [Lee et al., 1994:. 
The Hong Kong children have also been found to be very inactive. A study of 
1,535 adolescents and youths aged 14-27 years showed that 25% of the respondents 
had not taken any moderate exercise in the week before survey, and 40% had not 
taken any vigorous exercise [Ho, 1987]. For the 143 adolescents aged 14-17 years, 
they spent most of the time in light activities (15 hours per day) and sleeping (8 
hours per day), the corresponding time spent in moderate and vigorous activities was 
only 0.25-0.36 and 0.21-0.48 hours per day, respectively [Ho, 1987]. A more recent 
survey of 869 primary students aged 9-12 years showed that the children in this 
group were even more inactive, with 75% of the children getting no moderate or 
vigorous activities on the day surveyed, 11 % taking part in only moderate activities, 
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only 14% in vigorous activities, and just 2% in both moderate and vigorous activities 
[Guldan et al., 1998]. 
2.5 Study Purpose and Objectives 
While most developed countries such as the United States, New Zealand and 
Australia have experienced a substantial decline in CHD mortality since the mid-
1960s, that of Hong Kong is increasing. In order to effectively decrease CHD 
morbidity and mortality, preventive strategies should begin in childhood. This is 
due to the fact that firstly, the etiology of CVD originates early in life. Secondly, 
most of the risk factors of CHD track from childhood into adulthood and the risk 
factors in children are good predictors of the associated risk factors and also the risk 
of CHD in the future. Thirdly, the adverse and beneficial lifestyles in later life are 
developed in childhood. Fourthly, it is more cost-effective to prevent CHD in 
childhood than to treat and manage CHD in adulthood since CHD is irreversible and 
in general, cannot be cured, requiring many years of expensive therapies. Lastly but 
not least, local studies have shown that childhood obesity has emerged, and a high 
serum TC level and unhealthy diet and physical activity habits have been reported in 
Hong Kong children and adolescents. 
- 3 5 
Although strong evidence supports international consensus agreeing that preventive 
measures should be taken in childhood, limited data are available in Hong Kong 
about the prevalence and the associations between the risk factors of CHD in the 
Hong Kong children and adolescents, from which appropriate recommendations and 
preventive measure can be established. Therefore, the purpose of this study is to 
examine the serum TC levels, diets, obesity, physical activity and genetics of the 
Hong Kong children aged 9-10 years to ascertain the existence of the CHD risk 
factors in Hong Kong children. At the same time, the relationships between the 
serum TC levels, obesity (total fat expressed in BMI and body fat distribution 
defined by WC, HC，WHR, SSF and triceps skinfold thickness, TSF), the physical 
activity patterns, genetics (parents' obesity level and family history of heart disease 
and hypercholesterolemia) and dietary habits, especially with respect to total energy 
intake, total fat, dietary cholesterol, PUFA and SFA intakes will also be investigated. 
With this data, we can further characterize the situation in the territory, and the data 
will be very useful in the designs of the future Hong Kong child health promotion 
activities. The data can also be useful as a basis for the future epidemiological study 
and to develop appropriate recommendations and effective intervention programs in 
this area. To our knowledge, these are the only data available in Hong Kong on 
these cardiovascular risk factors in the Hong Kong children aged 9-10 years. 
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We hypothesize that obesity, physical activity, diet and genetics are all related to the 
serum TC levels of the children in the ways depicted in Figure 2.2. Moreover, 
obesity, physical activity and diets are interrelated, and genetics as well shows certain 
associations with obesity of the children. 
The survey objectives are summarized as follow: 
1. To investigate the serum TC levels of the Hong Kong children aged 9-10 years 
by gender. 
2. To investigate the associations between the risk factors of cardiovascular heart 
disease (diets, obesity, genetics, the physical activity patterns and the serum 
TC level) among the Hong Kong children. 
3. From associations found, suggest interventions needed in this group to reduce 
the risk of future coronary heart disease. 
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Figure 2.2. Conceptual framework for this project *. 
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CHAPTER THREE: SURVEY DESIGN 
3.1 Sample Selection 
As this kind of survey is not yet common in Hong Kong children and the traditional 
Chinese are not used to giving a blood sample for the purpose of a survey, it is very 
difficult to find a reasonable number of children by random sampling in Hong Kong. 
Therefore, children aged 9-10 years were selected, as younger children will further 
decrease the sample size of the survey, and data about the TC levels of Hong Kong 
children aged seven and 11 years were already available in Hong Kong, so it would be 
of interest to investigate the TC levels of Hong Kong children aged between seven and 
11 years, as this is also the critical stage at which children develop their lifelong eating 
and physical activity habits. Although explanatory letters were sent to 61 local 
primary schools randomly selected from a list of all Hong Kong primary schools 
located in Kowloon and New Territories, only four principals replied and finally two 
schools, "School One" and "School Two", agreed to take part in this survey. The 
principals from the other two schools decided not to join the survey mainly because 
they thought that the procedures were so troublesome and one of them was not willing 
to let the students have a fasting blood sampling. 
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Introductory letters were then sent to the 232 students in primary four and five of 
School One in November 1999 and 194 students in primary three, four and five of 
School Two in March 2000 to explain the purposes of this survey and to invite them to 
participate. Additionally, all the children for whom we obtained consent to participate 
were found by screening their questionnaires to be those in a good health, not taking 
any medications, and without any diseases (kidney disease, lung disease, liver disease, 
diabetes mellitus, high blood pressure, hypercholesterolemia and any kind of heart 
disease) that would affect the total cholesterol value. 
3.2 Blood Total Cholesterol, Triglyceride and Anthropometric Measurements 
3.2.1 Blood Total Cholesterol 
Reflotron® dry chemistry (Boehringer Mannheim Gm6H, D-68298 Mannheim, 
Germany) was used to measure the overnight fasting finger-prick blood TC and TG 
levels of the children. The same instrument was used to measure TC or TG level 
throughout the survey. Samples were collected with the children seated. The first 
drop of the fasting forefinger-tip blood sample obtained by a Softclix ® II lancet 
(Roche Diagnostics GmbH, D-68298 Mannheim, Germany) was discarded and 32|j,l 
of the blood was collected by a capillary tube provided by Reflotron®. The blood was 
dropped on the application zone of the test strip for TC or TC and was put into the 
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measuring chamber of the equipment. The results were displayed after 160 seconds for 
TC and after 180 seconds for TG. The detection ranges of the equipment as given by 
the manufacturer are 2.59-12.9 mmol/L and 0.80-6.86 mmol/L for TC and TG, 
respectively. If the blood drawn in the first trial was insufficient, a second puncture 
was performed on another finger; if the blood was still insufficient，a third puncture 
would not be performed. 
The manufacturers' directions for measuring, cleaning and quality assurance were 
strictly followed. For quality control, performance of optical system was checked with 
Reflotron® Check (Boehringer Mannheim, Mannheim, Germany) everyday, whereas 
the performances of the whole system and the test strips were checked with a 
commercial lyophilized control serum calibrator based on human serum, the 
Precinorm® U (Boehringer Mannheim, Mannheim, Germany) supplied by the 
manufacturer. Altogether, seven lots of test strips for each cholesterol and triglyceride 
measurement were used, and two test strips were selected from each lot for quality 
control. The values obtained by the test strips of the control sera were all within the 
range of the specified value 土 three times the standard deviation obtained in numerous 
determinations of specified values given by the supplier (Roche Diagnostics Ltd.). 
Moreover, the manufacturer stated that the Reflotron® methods were compared with 
the fully enzymatic colorimetric triglycerides (GPO-PAP) method on the EDTA 
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plasma for TC and on the plasma for TG, and the results obtained confirm the accuracy 
of the Reflotron® Cholesterol (r=0.962) and Reflotron® Triglyceride (r=0.997) tests 
:Boehringer Mannheim:. 
3.2.2 Anthropometry Measures 
Height, weight, TSF, SSF，WC and HC measurements were taken by the same 
investigators for each measurement according to the procedures for measurements 
described by the WHO [WHO, 1995]. In general, two measurements were performed 
for each of the category, but if the differences were larger than 0.5 kg for weight; 0.5 
cm for height, WC and HC or 1mm for skinfold thickness, a third measurement was 
taken, using the mean of the closer pair. 
Height 
A non-stretchable measuring tape fixed on the wall was used to measure the heights of 
the children. They were in summer sports uniform without shoes and hats, standing 
erect, with heels and feet together, knees aligned with heels, and heels, buttocks, 
shoulder blades and possibly the back of the head in contact with the wall. Their head 
was held in the Frankfurt plane with the arms hanging loosely at the sides, the palms 
facing the thighs and the shoulders relaxed. A measuring aid was put on the crown of 
the head of the children and the values were recorded to the nearest 0.1 cm. 
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Weight 
An electronic beam balance (Health 0 Meter, Bridgeview, USA) was used to measure 
the subjects' weight. The children, in summer sports uniform, stood relaxed but still in 
the center of the platform, with their body weight evenly distributed over both feet and 
looking straight ahead. Their body weight was recorded to the nearest 0.1kg. 
Triceps Skinfold Thickness 
* 
The triceps of the non-dominant arm was located at the mid-point between the tip of 
the acromion process of the shoulder blade and the top of the olecranon process of the 
ulna. A vertical fold of skin plus the underlying fat was grasped one cm above the 
mid-point with the arms hanging loosely at the sides. The skinfold was gently pulled 
away from the underlying muscle tissue and a caliper (Holtain, UK) was applied at 
right angles to the vertical fold of skin, exactly at the mid-point. While taking the 
reading, the fingers grasped the skinfold. After the caliper was released for 4 seconds, 
the values were recorded to the nearest Imm. 
Subscapular Skinfold Thickness 
Subscapular skinfold on the non-dominant hand side was marked at the point below 
and laterally to the angle of the shoulder blade. With the shoulders and the arms 
relaxed at the sides of body, the skinfold 1cm above the marked site was grasped with 
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the fingers. The skinfold was angled 45° from the horizontal, in the same direction as 
the inner blade of the scapula. The reading to the nearest 1 mm was taken after the 
caliper was released for 4 seconds. 
Waist and Hip Circumferences 
The WC was measured midway between the lowest rib margin and the iliac crest, 
which is also the narrowest area below the rib cage and above the umbilius as viewed 
from the front. The HC was measured at the point yielding the maximum 
circumference over the buttocks. The children stood erect with the abdomen relaxed, 
feet together, and arms at the sides with their weight equally divided over both legs. A 
measuring tape was applied in a horizontal plane, touching the skin but not indenting 
the soft tissue, and the values were recorded to the nearest 0.1cm. As wearing the 
school sports uniform certainly affected the measurement of the HC, an equal number 
{n=\2) of boys and girls were randomly selected, and they were willing to take another 
HC measurement in underwear only. The mean of the differences between the HC 
measured in school sports uniform and without the uniform by gender was used as a 
correction factor of HC for the whole group of children. 
4 4 
3.2 Questionnaire 
3.2.1 Questionnaire Design and Pre-testing 
The design of the questionnaire (Appendices I and II, respectively, for the English and 
Chinese versions) was mainly based on the questionnaire used in the RENO Diet-
Heart Study in the United States [St. Jeor, 1997], and the Hong Kong Cardiovascular 
Risk Factor Prevalence Study in 1995-1996 [Janus, 1997] for the questions about 
practice of any special diet, the health status, passive smoking pattern, physical 
» 
activity pattern, educational level of parents, household income and family history of 
certain diseases of the children, and onset of menstruation in the females. The 15 food 
items listed in the food frequency questionnaire were based in part on the foods listed 
in the food frequency questionnaire of Hong Kong Adult Dietary Survey in 1995 
"Leung et al., 1997]. As some of the food items in that questionnaire's list are not 
commonly consumed by children, they were excluded from the questionnaire, while 
other food items preferred by children were added to the questionnaire accordingly. 
Besides the preference for the foods by children, the food items were also added in 
consideration of their potential effects on serum total cholesterol of humans, because 
they were high in fiber (fruits and vegetables), fat (poultry with skin, meat with fat, 
whole milk, French fries, deep fried foods and bread spreads such as butter, or 
mayonnaise, or peanut butter) or dietary cholesterol (eggs and organ meats). Other 
items were those snacks or beverages preferred by children (soft drinks, candy, cookies, 
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questionnaire. 
The self-administered questionnaire consisted of three parts. Part One was a general 
health questionnaire together with some questions concerning some socio-
demographic information. Part Two queried the physical activity patterns of the 
children and Part Three consisted of a food frequency questionnaire and a 3-day 
dietary record. 
In order to check for the clarity of the questionnaire, Part One was pre-tested in another 
school with 45 parents who have children of similar age to those children in this survey 
and Parts Two & Three were pre-tested with 15 children aged 9-12 years to ensure the 
questionnaires were appropriate for children. After the pre-testing, the questionnaire 
was revised and corrections were made on some unclear questions and on the 
ambiguous response categories. The finalized questionnaires were then delivered to 
the subjects together with a 30-minute tutorial. In the tutorial, students were taught to 
f i l l in the questionnaire and were reminded to complete the questionnaire together with 
their parents or caregivers. 
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3.3.2 General Health and Socio-demographic Questionnaire 
Part One of the questionnaire consisted of 19 questions asking for gender, date of birth, 
place of birth, amount of pocket money per week and the health status of the children. 
In addition, information about educational level of parents, household income range 
per month, family history (parent and grandparent) of stroke, high blood pressure, 
hypercholesterolemia and heart disease, and self-reported height and weight of parents 
were also gathered. 
* 
3.3.3 Physical Activity Questionnaire 
The physical activity patterns of the children were assessed by means of a 
questionnaire with questions in five areas (i) whether the children like to do exercise or 
sports or not; (ii) kinds and duration of any exercise or sports they performed per week; 
(iii) the time spent on six selected activities (watching television, doing homework, 
playing video games, doing exercise or sports, reading or playing with toys and 
sleeping) during weekdays and weekend days; (iv) information about parents' practice 
of bringing children outdoors to play; and (v) the names of the three activities that the 
children did most during their leisure time. 
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3.3.4 Dietary Questionnaire 
A non-quantitative food frequency questionnaire and a 3-day dietary record were used 
to assess the dietary habits of the children. The food frequency questionnaire, which 
consisted of 15 food items, was used to understand the usual consumption patterns of 
several types of foods of interest, such as fruits, vegetables, eggs, organ meats, poultry, 
meat, fish, dairy products, soft or boxed drinks and snacks. Moreover, the children 
were taught to f i l l in the food frequency questionnaire by some demonstrations. For 
# 
the 3-day dietary record, the students were requested to f i l l in all the foods and 
beverages (except water) consumed on two weekdays and one weekend day. The 
children were taught to f i l l in the eating time; the eating place; the full description of 
the foods or beverages consumed (brand name, ingredients, flavor etc.) and the 
technique for estimating portion size using a ruler or other household measure. Some 
real food models and household measures were brought to the tutorial for 
demonstration, after which, some hypothetical but typical examples were presented 
and the children asked to answer how to f i l l in the details in the dietary record form. To 
further assist the children and their parents, a one-day dietary record example was 
provided in the questionnaire. Later, the nutrient values of the foods and amounts 
reported to be consumed during the three days were sought using the Nutritionist IV 
Diet Analysis software program (First Data Bank, San Bruno, Ca) with an additional 
database of 500 local foods added to it. The nutrient intake of the children was 
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calculated as the average of the three days' nutrient intakes. 
3.4 Data Management 
A l l completed questionnaires were reviewed for clarity and completeness. Unclear 
records were clarified by phone, and for 66 children who did not complete any or all 
three days dietary record, telephone interviews over three days were given. For those 
did not f i l l in any day of the dietary record, a telephone interview of three consecutive 
» 
days (two weekdays and one weekend day) was given, but for those only with data 
missing at weekend day or weekdays, a interview of any one weekend day or weekday 
was given. Then the questionnaires were coded and entered into a PC-compatible 
computer with Statistical Package for Social Sciences Data Entry Builder (SPSS Data 
Entry Builder Release 1.0.4, SPSS Inc., Chicago, the United States), with which 
double entry was carried out for verification. The whole data set was analyzed using 
the Statistical Package for Social Sciences (SPSS for Window, version 9.0; SPSS Inc., 
Chicago, the United States). 
3.5 Statistics 
Descriptive statistics (percentages, means and standard deviations) were used to 
summarize the data. Chi-square tests were used to detect the significant associations 
between nominal and ordinal variables. Unpaired 广-tests were used to detect the 
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significant differences between the means of variables, and the Pearson's correlations 
were used to detect correlations between ratio or interval variables. In addition, odds 
ratio was used to indicate the risk of having certain adverse health status when the 
children having certain risk factors were compared to those without the risk factor. 
Moreover, multiple regression analyses were performed to determine how much other 
variables explained variation in blood total cholesterol levels. 
3.6 Data Analysis 
3.6.1 Blood Total Cholesterol and Triglyceride 
According to the classification of the National Cholesterol Education Program (NCEP) 
TSIational Cholesterol Education Program, 1992], TC values were classified as follow: 
those with a TC level lower than 4.4 mmol/L were considered as acceptable, values 
from 4.4 mmol/L to 5.15 mmol/L inclusive, were at a borderline level and values 
greater than 5.15 mmol/L were classified as high. Moreover, TG values larger than 
1.69 mmol/L were classified as being at a high level [Cresanta et al, 1984；. 
3.6.2 Obesity and Fat Distribution 
Obesity was defined as weight that exceeded the median weight for height by 20% 
using the growth standards for Hong Kong [Leung, 1994a] as a reference. The BMI 
was calculated as weight in kilograms divided by the square root of height in meters. 
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Furthermore, WHR ratio and subscapular-skinfold-to-triceps-skinfold-thickness-ratio 
(SSF/TSF) were calculated to indicate the pattern of body fat distribution. 
3.6.3 Diet 
The nutrient composition analyzed included energy, carbohydrate, protein, fat, SFA, 
MUFA, PUFA, cholesterol, dietary fiber, calcium, iron, and vitamins A, C, E and K. 
The percent energy from carbohydrate, protein, fat, SFA, MUFA and PUFA were 
calculated as follows: 
Percent energy from CHO = CHO (g)*4kcal / Energy (kcal)*100% 
Percent energy from protein = protein (g)*4kcal / Energy (kcal)*100% 
Percent energy from fat 二 fat (g)*9kcal / Energy (kcal)*100% 
Percent energy from SFA = SFA (g)*9kcal / Energy (kcal)* 100% 
Percent energy from MUFA = MUFA (g)*9kcal / Energy (kcal)* 100% 
Percent energy from PUFA = PUFA (g)*9kcal / Energy (kcal)* 100% 
3.6.4 Physical Activity Patterns 
A physical Activity Index (PAI) was derived from the responses to the question about 
the kinds and duration of any exercises or sports that the children performed per week. 
The PAI was calculated by the method used by Knuiman et al. [Knuiman et al., 1983], 
and it was E (time spent on each exercise or sport performed per week X the 
corresponding METs of that exercise or sport [Ainsworth et al., 1993]) / Z (time spent 
on each exercise or sport per week). 
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In addition, the three main activities that the children reported doing most during their 
leisure time were classified into five levels of activity: sleeping, light, moderate, 
vigorous or very vigorous (Table 3.1), according to the classification used by Wilson et 
al [Wilson et al., 1986]. Based on the above classification of leisure time activities, 
children were considered to be performing only light activity during their leisure time 
i f the METs of all the three main reported leisure time activities were less than 3.0. On 
the other hand, i f the METs of any one reported leisure time activity was greater than or 
* 
equal to 5.0, the children were classified into the group who performed at least one 
vigorous activity during leisure time. 
Table 3.1. Classification of leisure time activity by METs. 
Activity Category METs Example 
Sleeping 0.9 
Light 1.0-2.9 Watching TV, playing TV game, shopping 
Moderate 3.0-4.9 Badminton, dancing, playing at playground 
Vigorous 5.0-6.9 Riding bicycle, swimming, hiking 
Very vigorous >7.0 Football, skipping rope, tennis 
3.6.5 Body Mass Index of Parent and Family History of Diseases 
The BMIs of the parents were calculated from their self-reported height and weight. 
Parents with a BMI greater than 23 kg/m^ were classified as overweight and those with 
a BMI greater than 25 kg/m" were classified as obese, according to the definition by 
the Asia-Pacific Steering Committee on Obesity [Asia-Pacific Steering Committee on 
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Obesity, 2000] for Asians. The children reporting any parent or grandparent with 
stroke, high blood pressure, hypercholesterolemia or heart disease were considered to 
have a family history of that kind of disease. Those reporting they were not sure, they 
did not know or reporting no parents or grandparents with the diseases or conditions 
listed above were classified in the group with a negative family history of that kind of 
disease. Family history of disease was one of the variables used to represent genetic 
influences in the subsequent analyses. 
. 5 3 
CHAPTER FOUR: RESULTS 
4.1 Sample Size and the Characteristics of the Students in the Two Schools 
Signed consent forms were collected from the parents of 203 out of the 326 children 
(response rate 48%). One hundred and nine out of 232 children were from School One 
(response rate 47%) and 94 out of 194 children were from School Two (response rate 
48%). Two hundred and one students participated in the cholesterol measurement, 196 
t 
students returned the questionnaires of general health, and the physical activity pattern 
and food frequency questionnaires, and 188 students completed the 3-day dietary 
record. Finally, the 180 students found to have a complete set of data were included in 
the analyses. 
Among the 180 students, 53% of the students were from School One and 47% were 
from School Two, and 40% of the boys and 60% of the girls were from School One. 
The distribution of parent's educational level and household income of the students by 
different schools are shown in Table 4, whereas parent's educational level and 
household income were significantly higher in the students of School One than in the 
students of School Two (Table 4). 
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Table 4. Parent's education level and household income of the students by different 
schools. 
School One School Two 
Characteristic n (%) n (%) Significance 
Educational level of father 
Secondary five or below 52 (40) 80 (60) x2=37.125 
Secondary six or above 37 (95) 24 (5) 户<0.001 
Educational level of mother 
Secondary five or below 65 (45) 81 (55) %2=\926A 
Secondary six or above 23 (92) 2 (8) 尸<0.001 
Household income per month 
< $25,000 41 (35) 76 (65) x2=52.292 
> $25,000 48 (96) PO.OOl 
4.2 Gender and Age Distribution 
The sample consisted of 107 (59%) girls and 73 (41%) boys. The mean age was 
9.6土0.8 years, with age ranging from 8 to 12 years and 86% of the children aged 9-10 
years (Table 4.1). 
Table 4.1. Age and gender distribution of subjects with a complete set of data. 
Age Males Females Total 
( y ^ W n (%) 
8 4 4 8 (4) 
9 35 45 80 (45) 
10 25 48 73 (41) 
11 8 7 15 (8) 
12 1 3 4(2) 
Total (%) 73 (41) 107 (59) 180 (100) 
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4.3 Blood Total Cholesterol and Triglyceride 
The mean TC level was quite high in this group of children, with the overall mean 
value being 4.36±0.79 mmol/L. The mean TC values for boys and girls were 
4.25土0.70 mmol/L and 4.44士0.83 mmol/L, respectively, with no significant difference 
by gender (Table 4.2). Five children had TC readings equal to the lowest measuring 
value of the equipment (2.5 mmol/L), as these are not the exact cholesterol value for 
the children, so they were excluded from the analysis. When taking the measurements, 
i 
three children needed a second puncture and three children were excluded because of 
insufficient blood. According to the classification of the NCEP [National Cholesterol 
Education Program, 1992], more than half (53%) of the children had an acceptable TC 
level, about one-third (30%) were in the borderline level and 13% were found to be in 
the high level group. The corresponding percentages for boys and girls are listed in 
Table 4.3. 
Table 4.2. Mean±SD and range of total cholesterol value (mmol/L) by gender. 
Males Females Overall 
TC (mmol/L) (n=73) (^=107) (『180) 
MeanlSD 4.25±0.70 4.44±0.83 4.36土 0.79 
Range 2.76-6.83 2.73-7.84 2.73-7.84 
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Table 4.3. Number (%) of children with acceptable, borderline and high TC level by 
gender and overall. 
^ 
TC level Males Females Overall 
Acceptable 45 (62) 57 (53) 102 (57) 
(<4.4mmol/L) 
Borderline 23 (31) 32 (30) 55 (30) 
(4.4mmol/L-5.15mmol/L) 
High 5(7) 18(17) 25(13) 
(>5.15minol/L) 
Total 73 107 180 
One hundred and twenty children had TG values below the measurement range of the 
equipment (0.8 mmol/L) and another four children did not have sufficient blood for 
analysis, so the TG values of only 56 children were included in the analysis of TG. 
The mean TG level of the 56 children was 1.10 mmol/L (SD 0.34), ranging from 0.802 
to 2.29 mmol/L, and only 7% of the children had a TG level greater than 1.69 mmol/L. 
The mean TG level was significantly higher in the 18 boys than in the 36 girls with 
these measurements (Table 4.4). 
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Table 4.4. Mean±SD and range of triglyceride value (mmol/L) and proportion (%) of 
children with acceptable and high triglyceride level by gender. 
Males Females Total 
TG (mmol/L) (肝 18) 0=38) (n=56) Significance 
Mean 土 SD 1.26 土 0.41 1.03 土 0.20 1.10 ±0.3 /=2.295，户=0.032 
Range 0.809-2.29 0.802-1.76 0.802-2.29 
TG level n(%) n{%) n{Vo) 
Acceptable (TG< 1.69) 15 (83) 37 (97) 52 (93) NS 
High (TG>1.69) 3 (17) 1 (3) ^ NS 
As the onset of menstruation wil l affect the TC and TG values of the girls, so the mean 
TC and TG values of the girls who already experienced the first menstruation period 
were compared to those girls who had not experienced the first menstruation, but no 
significant difference was found. 
4.4 Anthropometry Measures 
The meanlSD height, weight, BMI, WC, WC, WHR, TSF, SSF and SSF/TSF by 
gender and overall are shown in Table 4.5. The BMI, WC, HC and WHR were 
significantly higher in the boys than in the girls. In order to increase the accuracy, the 
correction values for HC, 1.05 cm for the boys and 2.19 cm for the girls, were 
subtracted from the original measured values prior to calculating the mean. 
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Table 4.5. Mean±SD of anthropometry measures by gender and overall. 
Overall Males Females 
(肝 180) (^=73) (>=107) Significance 
Height (cm) 136.5±8.1 136.7±8.6 136.4士7.8 NS 
Weight (kg) 33.0±7.7 34.3±8.7 32.1 土7.0 NS 
BMI (kg/m') 17.5±2.9 18.1 土3.1 17.1士2.7 户2.206,尸=0.029 
WC (cm) 58.6士7.9 60.8土8.9 57.1 士6.7 户2.996,尸二0.003 
HC(cm) 80.0±7.2 72.3±7.9* 7 0 . 1 ± 6 . 5 * * 户 2 . 0 6 7 ,尸二 0 . 0 4 0 
WHR 0.82±0.05 0.84土0.05 0.81土0.04 户3.382，P二0.001 
SSF (mm) 11 土6 12.1 士7.3 10.8±5.7 NS 
TSF(mm) 14 士 6 14.9 土 7.0 14.2 土 5.0 NS 
SSF/TSF 0.76±0.18 0.78±0.18 0.75±0.17 NS 
* Correction factor for HC of boys 二 1.05cm 
* * Correction factor for HC of girls =2.19 cm 
Abbreviations used: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, 
the ratio of waist circumference to hip circumference; SSF, subscapular skinfold thickness; TSF, triceps 
skinfold thickness; SSF/TSF, the ratio of subscapular skinfod thickness to triceps skinfold thickness; NS, 
non-significant. 
The comparison of the BMI, TSF and SSF values of the study children to NHANES I 
reference data [Johnson, 1981; Must et al., 1991] showed that the boys in this study 
group had higher mean BMIs than their Caucasian counterparts, as more than half 
(64%) of the boys had a age- and gender-specific BMI value above the 50"" percentile 
of the NHANES I reference data range. Interestingly, the children seemed to have 
deposited more fat, especially in the trunk rather than the periphery of the body, as 
91% of the boys and girls had a age- and gender-specific SSF value greater than the 
50th percentile of the NHANES I reference range, while the corresponding percentage 
for TSF was only 62%. 
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A high prevalence of obesity was observed. Twenty-three percent of the children were 
obese, comprising 29% of the boys and 19% of the girls. Although gender difference 
was not significant, tendency for higher obesity rates in the males than in the females 
was consistent with the previous population-based findings of 25,000 Hong Kong 
children aged 3-18 years [Leung et al., 1996". 
4.5 Dietary Habits 
4.5.1 Dietary Composition of the 3-day Dietary Record 
Table 4.6 shows the mean±SD energy and nutrient intakes of the children. The energy 
intake, amount of carbohydrate, fat, saturated fat and iron consumed was significantly 
higher in the boys than in the girls. Moreover, when the data obtained from telephone 
interviews were compared with contemporaneously collected data, only calcium 
(342±191 mg vs. 440±233 mg;户-2.813, P=0.005) and iron (11土4 mg vs. 12±7 mg; 
r=-1.988,户二0.048) intakes were found to be significantly different. 
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Table 4.6. Mean±SD energy and nutrient intakes by gender and overall. 
Amount 
Males Females Overall 
Nutrients {n=13) {n=\01) (^=180) Significance 
Energy (Kcal) 2031 土4 4 0 1 8 0 3 ± 5 2 6 1 8 9 6 ± 5 0 4 r=3.133, P=0.002 
Carbohydrate (g) 275±65 245±71 257士70 户2.920, P=0.004 
Protein (g) 75±23 68士23 71 ±23 NS 
Fat (g) 73土22 64±29 67±27 /=2.197, P=0.029 
Saturated fat (g) 18±7 15±8 17±8 户2.594,户=0.010 
Monounsaturated fat (g) 24±9 22±12 22±11 NS 
Polyunsaturated fat (g) 13土5 12±6 12±5 NS 
P/S ratio 0.76土0.23 0.81 土0.27 0.79±0.25 NS 
Cholesterol (mg) 257士 120 230±110 241±115 NS 
Fiber (g) 6±3 6±4 6±4 NS 
Calcium (mg) 422土210 395士233 406士223 NS 
Iron (mg) 13±7 11±5 12±6 户2.194,户=0.030 
Vitamin A (RE) 773±664 626±630 685土646 NS 
Vitamin C (mg) 82±41 84±61 83±54 NS 
Vitamin E (mg) 6土3 6±3 6±3 NS 
Vitamin K (Ug) 41 ±42 28±91 51 ±75 NS 
Abbreviation used: NS, non-significant 
The energy and the specific nutrient adequacies with respect to the recommendations 
of China [Chinese Nutrition Society, 1989] and Taiwan [Department of Health, 1993] 
by each gender and age subgroup are shown in Tables 4.7 and 4.8. Only the results for 
the 9- and 10-year olds are discussed, because the numbers of the study children at 
younger and older ages are small, ranging from one to eight in each subgroup. The 
energy intakes generally met the daily nutrient allowances recommended by China and 
Taiwan. The protein consumption of all children was the same as or exceeded both 
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recommendations. Al l children showed vitamin E and calcium intakes below the 
recommendations. For vitamin C, all gender and age subgroups exceeded the 
recommendations. For vitamin A and iron, a larger variation of the consumption 
patterns between different gender and age subgroups was found. In the boys, only the 
9-year olds boys showed vitamin A intake below the China recommended level, but 
for the girls, all age groups showed vitamin A consumption below the China 
recommendation. For iron, only the 10-year olds boys showed iron consumption 
below the recommendations, while the rest showed intakes exceeding the 
recommendations by as much as 40%. The girls generally met the recommended 
levels for iron (80%-110% of recommendations). 
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Table 4.7. Percent (%) of China and Taiwan recommended daily allowances of males 
by age for selected energy and nutrients. 
Percent adequacy (%) 
Age, y Vy lOy iTy 
W W ra ^ ® (1) 
Nutrients China Taiwan China Taiwan China Taiwan China Taiwan China Taiwan 
Energy 102 1 0 2 m % ^ % ^ ^ % 
Protein 126 205 117 190 100 140 119 166 89 134 
Vitamin A 185 278 92 138 105 143 114 155 33 45 
Vitamin C 162 162 171 171 180 180 158 158 188 188 
Vitamin E 101 89 93 81 69 48 56 45 45 36 
Calcium 74 99 48 64 43 61 50 71 30 43 
Iron 140 140 140 140 92 73 125 100 67 53 
6 2 
Table 4.8. Percent (%) of China and Taiwan recommended daily allowances of females 
by age for selected energy and nutrients. 
Percent adequacy (%) 
Age, y 8~y Vy l l y 
⑷ W ^ ^ (7) (3) 
Nutrients China Taiwan China Taiwan China Taiwan China Taiwan China Taiwan 
Energy % M ^ UO % ^ 85 ^ 101 
Protein 117 175 102 165 106 138 96 134 119 178 
Vitamin A 45 75 97 162 76 104 62 84 87 119 
Vitamin C 131 131 196 196 170 170 132 132 176 176 
Vitamin E 73 64 81 71 79 55 63 50 119 95 
Calcium 39 52 51 68 40 57 36 52 40 57 
Iron 80 80 110 110 100 80 67 53 117 93 
The energy contributed by carbohydrate, protein, fat, saturated fat, monounsaturated 
fat and polyunsaturated fat, and the daily cholesterol consumption, fiber intake and the 
P/S ratio are shown in Table 4.9. No significant gender differences in the energy 
contributed by the macronutrients were found, nor in the daily cholesterol or dietary 
fiber intakes. 
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Table 4.9. MeanlSD percent energy contributions from macronutrients, the P/S ratio, 
and daily cholesterol and dietary fiber intakes of subjects, by gender and overall. 
Males Females Overall 
Nutrients (n=73) (^=107) (>7=180) 
Carbohydrate (%) 54±7 
Protein (o/o) 15±3 15±3 15±3 
Fat (%) 32±6 31 ±7 32±7 
Saturated fat (%) 8土2 7土2 8士2 
Monounsaturated fat (%) 10士3 10士3 10±3 
Polyunsaturated fat (%) 6±1 6±2 6土2 
P/S ratio 0.76±0.23 0.81 土0.27 0.79±0.25 
Cholesterol (mg) 257±120 230土 110 241±115 
Dietary fiber (g) 6±3 6±4 6土4 
The proportion of children with percent energy from carbohydrate, protein and total fat 
within the WHO recommendation range [WHO, 1990] were 48%, 38% and 41%, 
respectively (Table 4.10). Almost two-thirds (59%) of the children showed a percent 
energy from fat greater than 30%, and only 4% of the children had an adequate dietary 
fiber intake and another 29% of the children showed a daily cholesterol intake greater 
than 300mg/day (Figure 4.10). 
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Table 4.10. Proportions (%) of children meeting the recommended percentage of 
energy contribution from carbohydrate, protein, fat and saturated fat, and daily 
cholesterol and dietary fiber intakes. 
Intake Range Proportion (%) of children in 
Dietary Components (* recommended) specified range 
Carbohydrate (%)丨 <55 52 
55-75* 48 
>75 0 
Protein (0/0)1 <10 57 
10-15* 38 
>15 5 
Total fat (%)2 <30* 41 
> 30 59 
Saturated fat (%)" < 10* 83 
> 10 17 
Cholesterol (mg/day) ^  < 300* 71 
>300 29 
Fiber (g) 3 < age + 5 96 
>age + 5* 4 
1. Recommendation from WHO [WHO, 1990] “ 
2. Recommendation from American Academy of Pediatrics [American Academy 
Pediatrics, 1998] 
3. A new recommendation for dietary fiber in childhood [William et al , 1995] 
4.5.2 Eating Behaviors 
None of the children was on special diets related to diseases, such as a diet 
recommended for diabetes mellitus or a diet for controlling the blood TC levels. 
Sixty-four percent of the children were on a normal diet, 27% were reported to have 
‘picky eating' habit, 7% reported they choose low fat food and the rest (2%) were on a 
weight control diet or they did not eat red meat. Among the children with a picky 6 5 
eating habit (Appendix X)，large proportion (48%) of them reported they disliked 
vegetables or fruits or certain kinds of food that can be classified in this group, while 
smaller proportions reported that they disliked fish (14%) or meat (14%). Such dietary 
preferences may have contributed to the low fiber intake of the children in this study 
group. 
Most of the food items in the food frequency questionnaire were consumed at least on 
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a weekly basis by 50% of the students, except organ meats, skim milk, bread spreads 
(butter, mayonnaise, or peanut butter), and French fries (Table 4.11, with the entire set 
of frequencies given in Appendix IX). About two-thirds of the children consumed soft 
or boxed drinks (69%), cookies or biscuits or crackers (68%) and candy (70%) at least 
weekly. Unfortunately, only 47% and 61% of the children reported consuming, 
respectively, fresh fruits and vegetables at least once daily. Interestingly, 34% of the 
children reported never consuming organ meats. 
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Table 4.11. Consumption frequency of the 15 food items in the food frequency 
questionnaire. 
Frequency /?(%) 
Monthly Weekly Daily 
Food items Never (<3x/month) (l-6x/week) (l-2x/day) Total 
Fresh Fruits (amount = one 1 (1) 8 (5) 83 (47) 83 (47) 175 
medium orange) 
Vegetables (amount = volume 0 (0) 9 (5) 59 (34) 106 (61) 174 
in one standard bowl) 
Eggs 
Fried 4 (3) 37 (23) 88 (56) 29 (18) 158 
Other cooking method 18 (13) 37 (28) 61 (46) 18 (13) 134 
Organ meats 57 (34) 50 (29) 30 (18) 32 (19) 169 
Poultry 
With skin 20 (14) 43 (30) 65 (46) 15 (10) 143 
Without skin 20 (15) 43 (33) 54 (42) 13 (10) 130 
Beef or Pork 
With fat 36 (29) 19 (15) 47(38) 23 (18) 125 
Without fat 15 (11) 24 (17) 69 (49) 32 (23) 140 
Fishes 
Fried 11 (7) 35 (24) 75 (51) 27(18) 148 
Other cooking method 16 (11) 19 (12) 93 (61) 25 (16) 153 
Milk 
Whole 8 (5) 44 (27) 68(41) 45 (27) 165 
Skim 38 (28) 39 (29) 35 (26) 24 (17) 136 
Soft or box drink 3 (2) 51 (30) 89 (51) 31 (18) 174 
Bread spreads (butter or 23 (13) 80 (47) 50 (30) 16 (10) 169 
mayonnaise or peanut butter) 
Yogurt or cheese or ice-cream 8 (5) 76 (44) 66 (38) 22 (13) 172 
or milk shake 
French fries or potato chips or 6(4) 73 (42) 76 (44) 18 (10) 173 
prawn crackers 
Other fried foods 16 (10) 103 (60) 36 (21) 16 (9) 171 
Cookies or biscuits or crackers 8 (5) 47 (27) 89 (51) 30 (17) 174 
Candy 2 (1) 50 (29) 93 (54) 28 (16) 173 
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4.6 Physical Activity 
The results of reported liking to do exercise or sports; the PAl of the reported exercise 
or sports performed per week; the time spent doing homework, watching television, 
playing video games, doing exercise or sports, playing with toys or reading and 
sleeping during weekdays and weekend days and the kinds of activities performed 
during the leisure time of children are presented in this section . 
. 
Overall, 76% of the children reported that they liked to do exercise or sports. The mean 
PAl for the reported exercise or sports performed per week was 6.92 ± 1.59, ranging 
from four to ten. Interestingly, the PAl was negatively correlated with age (r=-O.l86, 
P<0.05) and was significantly lower in School One than in School two (6.60 ± 1.65 vs. 
7.43 ± 1.35; t=-2.845, P=0.005), but no significant difference was found by gender. 
Furthermore, the three most popular exercise or sports performed by the children per 
week in descending order were running, football and basketball by 23%, 14%, and 
140/0, respectively, of the boys and running, skipping rope and badminton by 32%, 
23% and 11 %, respectively, of the girls. 
Table 4.12 shows the duration (0-30 min, 31-90 min or more than 91 min) that the 
children spent doing homework, watching television, playing video games, doing 
exercise or sports, playing with toys or reading . and ,sleeping during weekdays and 
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weekend days, respectively. During the weekdays, the children spent more time doing 
homework (52% spent >91 min per day), with a large number of children reported 
spending only 0-30 minutes playing video games (89%), doing exercise or sports 
(73%), playing with toys or reading (68%) and sleeping (93%). On weekend days, 
significantly more children spent more time watching television (57% vs. 42% of 
children spent >91 min per day; %2=4.5, P=0.034), and doing exercise or sports (27% 
vs. 6% of children spent >91 min per day;义2二 16.004，尸=0.000) than during 
weekdays. ‘ 
Table 4.12. Number (%) of children spending different durations of time on 
performing various selected activities during weekdays (W) and weekend days (WE). 
Number (%) 
Duration，minutes 0-30 31-90 >91 Total 
Activity W WE W WE W WE W WE 
Doing Homework 13 43 ^ ^ % ^ 1 7 2 f y ^ 
(8) (25) (40) (38) (52) (37) 
Watching Television 25 12 75 62 72 99 172 173 
(14) (7) (44) (36) (42) (57) 
Playing Video games 150 107 17 54 3 13 170 174 
(88) (62) (10) (31) (2) (6) 
Doing exercise or sports 122 57 38 69 10 46 170 172 
(72) (33) (22) (40) (6) (27) 
Playing with toys or reading 116 74 49 68 5 30 170 172 
(68) (43) (29) (40) (3) (17) 
Sleeping 157 143 7 13 5 13 169 169 
(93) (84) (4) (8) (3) (8) 
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Altogether, only 32% of the children were classified in the group who performed at 
least one vigorous activity during leisure time and significantly more males than 
females (51% vs. 19%; %2=19.196, F=0) were found in this group. Somewhat 
consistent with the above findings, 54% of the children were classified in the group 
who reported performing only light activity during their leisure time, and the 
proportion for the girls was significantly greater than for the boys (63% vs. 42%; 
义2二7.229，P=0.007). The five activities that the children reported performed most 
during their leisure time in descending order were watching television, reading, 
playing video games, sleeping and playing with toys. Moreover, 81% of the children 
reported that their parents bring them to play outdoors, and the frequency of the parents 
taking their children to play outdoors ranged from 0.26-6 times per week. 
4.7 Family History of Diseases 
The proportions of children reporting a positive family history of stroke, high blood 
pressure, hypercholesterolemia and heart disease were 17%, 38%, 15% and 14%, 
respectively, with no significant gender difference found. 
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4.8 Parents' Anthropometry 
Twenty-five percent of the fathers were reported to be overweight (BMI>23 kg/m^) 
and 32% were obese (BMI>25 kgJm\ and the corresponding percentages for mothers 
were 20% and 17%, respectively (Table 4.13). 
Table 4.13 Prevalence of obesity in the parents of the study children. 
Father Mother 
BMI (kg/m^) Classification* n n 
< 23 Normal 52 (43) 84 (63) 
23-25 Overweight 31 (25) 27 (20) 
Obese 39 (32) 17(17) 
* According to the definition suggested by the Asia-Pacific Steering Committee on 
Obesity [Asia-Pacific Steering Committee on Obesity, 2000] for Asians. 
4.9 Demographic Data 
Overall，69% of the children were born in Hong Kong, 29% were bom in China and 
another 2% were bom in other places. Thirty-two percent of the children lived with a 
smoker. Thirty-three percent of the children did not have any weekly pocket money, 
and the amount of pocket money reported by the rest of the children ranged from $2 -
$100 per week. Also, 83% of the families reported that they did not think having 
enough money to buy foods was a problem to them, while 15% reported that 
sometimes it was a problem and 2% reported this was always a problem. 
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Thirty-three percent of the fathers had either no education or had received kindergarten 
or primary school education, 50% had received secondary or matriculation education, 
and 17% had received post-secondary education or above, with the corresponding 
percentages for mothers being 31%, 59% and 10%, respectively. The distribution of 
the educational level among the parents in this study was similar to that found in the 
general Hong Kong population aged 15 and over in 1998 [Census and Statistics 
Department, HKSAR，PRC, 1999] (Table 4.14). Additionally, 44% of the children 
reported household incomes lower than $15,000 per month, 30% had $15,001-
$30，000 per month and 26% reported greater than $30,000 per month, revealing a 
distribution of the household incomes among the children in this study group to be 
comparable to that reported by Hong Kong households in 1996 [Census and Statistics 
Department, Hong Kong, 1996] (Table 4.15). 
Table 4.14. Distribution of the education level of the parents of children in this study 
and compare to the findings of the Hong Kong population aged 15 and over by sex in 
1998. 
Father Mother *Males in *Females in 
Educational level n (%) n (%) Hong Kong, % Hong Kong, % 
No education, 56 (33) 53 (31) 28.3 35.9 
kindergarten or primary 
Secondary or matriculation 76 (50) 93 (59) 52.4 48.3 
Post-secondary or above 39 (17) 25 QO) 15:7 
* Source: [Census and Statistics Department, HKSAR, PRC, 1999] 
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Table 4.15. Distribution of household income of the family of children in this study 
and compare to the household income of Hong Kong domestic households in 1996. 
Family of the children in this *Hong Kong domestic 
Household income study, n (%) household in 1996,% 
< 15,000 74(44) 41 
15,000-30,000 50 (30) 34 
> 30,000 43 (26) ^ 
* Source: [Census and Statistics Department, Hong Kong, 1996" 
A large number of young children in Hong Kong were bom in China. In this survey, 51 
(29%) children were bom in China, and most (88%) of them from School Two. Those 
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children had been living in Hong Kong for at least six months before participating in 
this survey. Most of them came to Hong Kong in the years between 1995-1996 and 
1998-1999 (Table 4.16). No significant differences were found in the prevalence of 
obesity, TC and TG levels between children bom in Hong Kong and those bom in 
China, although the children from China were significantly older (9.98 士 0.84 vs. 9.43 
土 0.71; /=-4.39, P二0), slightly taller (1.39 士 0.09m vs. 1.36 土 0.08m; /=-2.4, P=0.017) 
and had a lower WHR (0.81 土 0.05 vs. 0.83 士 0.05;户3.135, P二0.002) than the Hong 
Kong children. Moreover, the parents of the children bom in China had significantly 
lower levels of education, and also the reported household incomes that were lower 
than those children bom in Hong Kong (Table 4.17). However, the children bom in 
Hong Kong consumed significantly more energy, fat, polyunsaturated fat, vitamins A 
and E, iron and calcium than their China-bom counterparts (Table 4.18). 
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Table 4.16. The years that the study children bom in China came to live in Hong Kong. 
Year Number (%) 
1992 1 (2) 
1994 1 (2) 
1995 10 (20) 
1995-1996 3 (6) 
1996 6 (12) 
1997 1 (2) 
1997-1998 1 (2) 
1998 11 (22) 
1998-1999 3 (6) 
1999 7(14) 
Missing data 7 (14) 
T ^ 51 (104)* 
* Total percentage greater than 100% due to rounding error. 
Table 4.17. Comparison of the educational level of the parents and household incomes 
between the children bom in China to the children bom in Hong Kong. 
Place of birth 
Hong Kong China 
Characteristic n (%) n (%) Significance 
Educational level of father 
Secondary five or below 55 (47) 44 (68) 义2=23.91 
Secondary six or above 61 (53) 6 (12) 户<0.001 
Educational level of mother 
Secondary five or below 54 (47) 43 (86) 义2=22.386 
Secondary six or above 62 (53) 7 (14) 户<0.001 
Household income per month 
< $ 1 5 , 0 0 0 3 5 ( 3 0 ) 3 9 ( 8 5 ) 义 2二 3 9 . 9 4 5 
$ 1 5 , 0 0 1 - $ 3 0 , 0 0 0 4 6 ( 3 6 ) 5 (11) 户 < 0 . 0 0 1 
<$30,000 39 (34) 
Table 4.18. Comparison of the energy intake and the consumption of selected nutrients 
between Hong Kong-bom children to China-bom children. 
Place of birth 
Hong Kong China 
(mean 士 SD) (mean 土 SD) 
Energy or nutrients ^=123 n=5\ Significance 
Energy (kcal) 1948 ± 514 1767 ±468 /=2.174, P=0.026 
Total fat (g) 71 ±27 59 ±24 /=2.587, ？=0.011 
Polyunsaturated fat (g) 13 ± 6 10 土 4 户4.133,戶<0.001 
Vitamin A (RE) 768 ± 729 513 ± 375 /=3.033, P=0.003 
VitaminE (mg) 6士 3 5 ±3 /=2.526,P=0.012 
Calcium (mg) 425 ±217 348 ±224 户2.118, P=0.036 
Iron (mg) 13±7 10 ± 4 户2.577,7^=0.0.11 
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4.10 Inter-relationships 
4.10.1 Blood Total Cholesterol and Triglyceride 
a. Blood Total Cholesterol, Triglyceride and Body Fatness 
No association was seen between the TC and TG levels of the children. The mean TC 
value was significantly higher in the obese than the non-obese children (4,71±1.00 
mmol/L vs. 4.26士0.68 mmol/L;戶2.646，P=0.011). With respect to other body fatness 
indicators, only weak correlations were found between BMI and SSF with the TC 
levels (r=0.169,户=0.023 and r=0.165, P=0.027, respectively). No association was 
found between the TG levels, obesity and body fatness indicators for the relatively 
small number of children with these measurements. 
b. Blood Total Cholesterol, Triglyceride and Diet 
Surprisingly, only one of the dietary components derived from the 3-day dietary record 
was related to the TC values of the children in this study group. The mean dietary fiber 
intake for the group of children with an acceptable level of TC was significantly lower 
than those children with a borderline or high level (5.36±3.59 g/day vs. 6.80±4.14 
g/day;户-2.507, P=0.013). However, some eating behaviors from the food frequency 
assessment were found to be associated with the TC levels. Children who reported 
consuming fried fish and candy on a weekly or more frequent basis had a significantly 
higher TC value (Table 4.19) than those children consuming these items less 
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frequently. Furthermore, significantly more children with an acceptable TC level were 
found in the group of low (never or monthly) consumption frequency for fried eggs 
(32% vs. 17%;义2二4.682，P=0.03), whole milk (41% vs. 19%; x2=8.624, F=0.003) and 
skim milk (64% vs. 45%;义2二4.378，P=0.036) (Table 4.20). 
Table 4.19. Relationships between the consumption frequency of fried fish and candy 
to the total cholesterol levels. 
Eating behavior n TC (mean土SD) mmol/L Significance 
Fried Fish ‘ 
Never or monthly 46 4.1±0.8 户-2.22,尸=0.028 
Weekly or daily 102 4.4土0.8 
Candy 
Never or monthly 52 4.1±0.8 户-2.877, P=0.005 
Weekly or daily 121 4.5土0.7 
Table 4.20. Proportions (%) of children of different cholesterol levels by different 
consumption frequencies of various foods. 
Cholesterol level 
Borderline or 
Consumption Acceptable High Total 
Frequency n (%) n (%) {n) Significance 
Fried Eggs 
Never/monthly 30 (32) 11 (17) 41 义2=4.682， 
Weekly or daily 63(68) 54 (83) 117 P=0.03 
Full Mi lk 
Never/monthly 38 (41) 14 (19) 52 x2=8.642, 
Weekly or daily 55 (59) 58 (81) 113 P二0.003 
Skim Mi lk 
Never / monthly 53 (64) 24 (45) 77 x2=AM2, 
Weekly or daily 30 (36) 29 (55) 59 P-O.Q33 
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The children who consumed some high cholesterol and hihg fat foods at least weekly 
had a significantly higher mean TG level. When comparing the children who 
consumed eggs cooked with methods other than frying, French fries, and the bread 
spreads (butter, mayonnaise, or peanut butter) of lower frequency (monthly or less) to 
those consuming these items at a higher frequency (weekly or daily), the mean TG 
value was significantly higher in the more frequent consumption group (Table 4.21). 
Table 4.21. Comparison of the triglyceride levels of the children (/7=56) by different 
consumption frequencies of different foods. 
— 
Mean 土 SD Total 
Food items (mmol/L) {n) Significance 
Eggs cooked with methods other than frying 
Never or monthly 1.01 土 0.19 16 /=2.117， 
Weekly or Daily 1.22 土 0.37 26 P=0.041 
Bread spreads butter/mayonnaise/peanut butter 
Never or monthly 1.02 土 0.17 34 户-2.360, 
Weekly or Daily 1.25 士 0.42 20 P=0.027 
French fries 
Never or monthly 1.02 ±0.22 28 t=-2A32, 
Weekly or Daily 1.19 土 0.36 27 尸=0.040 
c‘ Blood Total Cholesterol, Triglyceride and Physical Activity Patterns 
When comparing the children who watched only 0-30 minute of television per day to 
those with greater than 91 minutes per day, the mean TC value was significantly higher 
in the group of children who watched more television (4.51土0.84 mmol/L vs. 
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4.08土0.65 mmol/L; /=-2.332, P=0.022) than in those who watched less television. 
The mean TG value was significantly lower in the group of children who reported that 
they never sleep during the weekend daytime than in the group of children who sleep 
0-60 minute per day during daytime on weekend days (1.06 土 0.26 vs. 1.52 土 0.37; 
户-3.945, P<0.001). However, reported liking to do exercise or sports, the PAI, and the 
leisure time activity patterns were not related to the TC or TG levels in the children of 
this study group. 
d. Blood Total Cholesterol, Triglyceride and Family History of Hypercholesterolemia 
Another factor that was related to the TC levels of the children was a family history of 
hypercholesterolemia. Among the various types of family history of diseases we 
investigated, the mean TC value was significantly higher in the small group of children 
0=26) with a positive family history of hypercholesteolemia (4.68±0.69 mmol/L vs. 
4.34土0.79 mmol/L;户2.083, P二0.039)，and the risk of having a TC level greater than 
4.4 mmol/L was 3.4 times (?=0.005; 1.393-8.366, 95% Confidence Interval) higher in 
the children with a positive family history of hypercholesterolemia than those without 
such family history. Moreover, significantly more children in the group with an 
acceptable TC level than in the group with a borderline or high level had a father with 
a BMI <23 kg/m' (51% vs. 31%; x2=7.093, P=0.008). However, no association was 
found between family history of hypercholesterolemia and BMI of the father with the 
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TG levels of children. At the same time, a family history of heart disease, BMI of 
mother, educational level of parents and the household income levels were not related 
to either the TC or TG levels of children. 
e. Relative Importance of the Key Factors in Predicting Blood Total Cholesterol 
Levels 
Blood total cholesterol levels were predicted by age, gender, obesity, family history of 
hypercholesterolemia and hours of TV watching at weekdays, but only obesity, hours 
of TV watching at weekdays, family history of hypercholesterolemia and gender were 
statistically significant, explaining 17% of the variation. Moreover, the strongest 
predictor of the variation in blood TC levels was obesity, followed by hours of TV 
watching at weekdays, family history of hypercholesterolemia and gender, which 
explained 9%, 4%, 2% and 1% of the variation, respectively. 
4.10.2 Obesity and Body Fatness 
a. Obesity, Body Fatness and Physical Activity Patterns 
Significantly fewer obese than non-obese children reported liking to do exercise or 
sports (55% vs. 82%;义2二12.233，P=0), and fewer of the obese children reported 
performing any vigorous activity during their leisure time (16% vs. 37%; x2=5.905, 
P=0.015) than the non-obese children, while significantly more obese than non-obese 
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children did only light activity during their leisure time (74% vs. 48%; %2=7.501, 
P=0.006). However, no association was found between PAI and obesity. 
Physical activity patterns were also related to some body fatness indicators. The PAI 
was negatively correlated to WC (r=-0.214, P<0.05) and WHR (r=-0.202,尸<0.05). 
The mean weight, BMI, WC, HC, WHR, SSF and TSF were all significantly lower in 
the group of children who reported they liked to do exercise or sports than in the group 
of children who do not like to do exercise or sports (Table 4.22). In addition, the mean 
weight, BMI, WC, HC, SSF and TSF were significantly higher in the group of children 
who only performed light activity during their leisure time than in the group of 
children who reported performing other more vigorous activities in addition to light 
physical activity during leisure time (Table 4.23). Moreover, the mean weight, BMI, 
SSF and SSF/TSF were significantly lower in the group of children reporting that their 
parents took them outdoors to play than in the group of children whose parents did not 
take them to play outdoors (Table 4.24). However, only SSF was significantly lower 
in the group children who performed vigorous activity during their leisure time than in 
the group of children who did not perform any vigorous activity during their leisure 
time (Table 4.25). 
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Table 4.22. Relationships between liking to do exercise or sports and body fatness 
indicators. 
Like to do exercise or sports? 
Body fatness indicators Yes 二 135) No (n=43) Significance 
Weight (kg) 32.2±7.3 35.5±8.8 /=-2.479, ^=0.014 
B M I (kg/m) 17.1±2.6 18.9土3.3 户-3.204, P=0.002 
WC (cm) 57.4±7.1 62.4土9.2 户-3.237，/>=0.002 
HC (cm) 70.2±3.8 73.4±7.9 /=-2.642,户二0.009 
WHR 0.82土0.04 0.85±0.06 户-3.08, P=0.003 
SSF (mm) 10.3±5.3 14.6土8.3 户-3.192，户=0.002 
TSF (mm) 13.7士5.4 16.9士6.3 户-3.310，户二0.001 
SSF/TSF 0.75±0.17 0.82±0.21 户-2.274,户=0.024 
Abbreviations used: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, 
the ratio of waist circumference to hip circumference; SSF, subscapular skinfold thickness; TSF, triceps 
skinfold thickness; SSF/TSF, the ratio of subscapular skinfod thickness to triceps skinfold thickness. 
Table 4.23. Relationships between performing only light activity during leisure time 
and body fatness indicators. 
Body fatness Performing only light leisure time activity? 
indicators Yes 0=88) No 0=74) Significance 
Weight (kg) 34.4±8.5 31.8±6.7 户2.076, P=0.040 
BMI (kg/m') 18.1±3.2 17.0士2.5 户2.602，尸=0.010 
WC (cm) 59.9土8.8 57.3士6.7 户2.114，户二0.036 
HC (cm) 72.4±7.8 69,6±6.2 /=2.434, P=0.016 
WHR 0.83 土0.05 0.82±0.04 NS 
SSF (mm) 12.9±7.2 9.6±5.0 t=3.2Sl, P=0.00l 
TSF (mm) 15.7±6.1 12.8士5.2 户-3.368, P二0.001 
SSF/TSF 0.79±0.20 0.74±0.15 NS 
Abbreviations used: Same as Table 4.22. 
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Table 4.24. Relationships of the parents' practice to bring their children outdoors to 
play and body fatness indicators. 
Body fatness Parents bring their children outdoors to play? 
indicators Yes 0=138) No 0?二33) Significance 
Weight (kg) 32.3±7.5 35.4±8.8 户-2.062, F=OMl 
B M I (kg/m') 17.3±2.7 18.4±3.3 /=-1.987, P-0.049 
WC (cm) 57.9±7.6 60.8±8.8 NS 
HC (cm) 70.4±7.1 72.4土7.4 NS 
WHR 0.82±0.05 0.84±0.06 NS 
SSF (mm) 10.6±5.7 14.1±8.7 户-2.179,/M).035 
TSF (mm) 14.0±5.5 15.9士6.9 NS 
SSF/TSF 0.74土0.17 0.84士0.21 户-2.909, iM).004 
Abbreviations used: Same as Table 4.22. 
Table 4.25. Relationships between performing any vigorous activity during leisure 
time and body fatness indicators. 
Body fatness Performing any vigorous leisure time activity? 
indicators Yes 0?=53) No (>7=113) Significance 
Weight (kg) 31.7±6.8 33.9土8.1 
BMI (kg/m') 17.0±2.5 17.9±3.1 NS 
WC (cm) 57.4±6.7 59.3±8.5 NS 
HC (cm) 69.7±6.2 71.7±7.6 NS 
WHR 0.82±0.04 0.82±0.05 NS 
SSF (mm) 10.0±5.5 12.1±6.8 户1.968, P二0.036 
TSF (mm) 13.2±5.7 15.0±5.9 NS 
SSF/TSF 0.74±0.14 0.78±0.19 NS 
Abbreviations used: Same as Table 4.22. 
b. Obesity, Body Fatness and Diets 
Only vitamin A and vitamin D consumptions were found to be significantly different 
between the obese and the non-obese children (561±4 RE vs. 722±709 RE;户-2.02， 
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P=0.045and0.44±0.70mgvs. 1.01 士 1.86 mg;户-3.299，P=0.001, obese vs. non-obese, 
respectively). As shown in Table 4.26, some nutrient components were correlated with 
some of the body fatness indicators, but all of the correlations were very weak 
associations, with the strongest one being the correlation between WHR and PUFA 
intake (r=0.227). 
Table 4.26. Correlations between the energy intake and the intake of some selected 
nutrients with several body fatness indicators. 
Nutrient Weight WC HC WHR SSF 
Component 
Energy (kcal) 0.167* 0.199* 0.160* oTtT* -
CHO 0.186* 0.202** 0.174* - . 
(g) 
Protein - 0.154* - . . 
(g) 
PUFA - 0.196** - 0.227** -
(g) 
- Non-significant correlation 
* Correlation is significant at the 0.05 level (2-taiIed) 
** Correlation is significant at the 0.01 level (2-tailed) 
Abbreviation used: WC, waist circumference; HC, hip circumference; WHR, the ratio of waist 
circumference to hip circumference; SSF, subscapular skinfold thickness; CHO, carbohydrate; PUFA, 
polyunsaturated fatty acid. 
Some associations were found between obesity and the eating habits derived from the 
food frequency questionnaire. Significantly more of the obese children consumed 
fried eggs (39% vs. 22%; x2=4.062,P二0.044), whole milk (46% vs. 28%; 
又24.15，P=0.042) and the bread spreads (butter, or mayonnaise, or peanut butter) (80% 
vs. 56%; x2=6.733,P=0.009) less frequently than the non-obese children. 
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c. Body Fatness and Genetics 
An unexpected relationship was found between family history of 
hypercholesterolemia and obesity. Significantly more of the obese children reported to 
have a positive family history of hypercholesterolemia ( 2 6 % vs. 1 2 % ; 义 2 = 4 . 7 6 8 , 
P=0.029) than the non-obese children, and the risk of being obese was 2.6 times higher 
(P=0.038; 1.080-6.421, 95% Confidence Intervals) in the group of children with a 
positive family history of hypercholesterolemia than in the group without such family 
history. However, these associations were not observed in the other disease family 
histories queried. Also, the mother's BMI was significantly higher in the obese group 
(23.5 ±3.6 kg/m-vs. 22.0土3.0 kg/m^;户2.444,户=0.016) than in the non-obese group. 
Table 4.27 shows the relationships between the body fatness indicators and family 
history of hypercholesterolemia. The WC, WHR, SSF and TSF indicatives of obesity, 
whose similar finding was already described above, were also significantly higher in 
the group of children with a positive family history of hypercholesterolemia than in the 
group without such a family history of hypercholesterolemia. 
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Table 4.27. Relationships between family history of hypercholesterolemia and the 
body fatness indicators. 
Body fatness Family history of hypercholesterolemia 
indicators Yes 0=26) No 0=146) 一 Significance 
Weight (kg) 35.8土 10.0 32.3土7.2 NS 
B M I (kg/m') 18.5土3.2 17.3士2.8 NS 
WC (cm) 62.5±9.5 57.8±7.4 户2.836, P=0.005 
HC (cm) 713土8.5 70.4土6.9 NS 
WHR 0.85+0.05 0.82±0.05 户2.902, P=0.004 
SSF (mm) 14.2土7.1 10.7土6.0 /=2.69, P=0.008 
TSF(mm) 17.1 土6.0 13.9土5.6 户2.638,/M).009 
SSF/TSF 0.82±0.23 0.75±0.16 NS 
Abbreviations used: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, 
$ 
the ratio of waist circumference to hip circumference; SSF, subscapular skinfold thickness; TSF, triceps 
skinfold thickness; SSF/TSF, the ratio of subscapular skinfod thickness to triceps skinfold thickness; NS, 
non-significant. 
Furthermore, the reported heights, weights and BMIs of the parents were correlated 
with some of the anthropometry measures of the children (Table 4.28). Although, all 
the positive correlations found were weak, the results indicated that genetics, as 
expressed by height, weight and BMI of the parents, was probably playing a role in 
determining the body weight and body fatness in children. 
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Table 4.28. Correlations between reported height, weight and body mass index of the 
parents with the body fatness indicators. 
Ht. Wt. BMI WC HC WHR SSF SSF/TSF 
Father 
Ht. 0.224* - - - - - - . 
Wt. - 0.203* - 0.208* - -
BMI - - 0.23* 0.227* - 0.259* 0.194* -
Mother 
Ht. 0.197* - - - - - - _ 
Wt. - 0.231** 0.206* - 0.176* 0.176* 0.215* 0.265** 
BMI - - 0.198* 0.217* - - 0.191* 0.247** 
- Insignificant correlation 
* Correlation is significant at the 0.05 level (2-tailed) 
** Correlation is significant at the 0.01 level (2-tailed) 
Abbreviation used: H t , height; Wt., weight; BMI, body mass index, WC, waist circumference; HC, hip 
circumference; WHR, the ratio of waist circumference to hip circumference; SSF, subscapular skinfold 
thickness; SSF/TSF, the ratio of subscapular skinfold thickness to triceps skinfold thickness. 
4.10.3 Diet and Physical Activity 
The PAI was not related to any dietary components derived from dietary record or the 
dietary habits from the food frequency questionnaire. As the children's television 
watching pattern was found to be related to their TC levels, we also examined the 
relationships between television watching pattern and their eating habits. When 
comparing the children who watched fewer than 30 minutes of television per day to 
those watched more than 90 minutes of television per day during weekdays, 
significantly more children consumed beef or pork without fat (94% vs. 63%; 
X2=6.192, P=0.013) and poultry with skin (87% vs. 55%; x2=5.212, P=0.022) at least 
weekly were found among the group watching fewer hours of television. 
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4.10.4 Blood Total Cholesterol, Triglyceride, Obesity and Other Demographic or 
Economic Characteristics 
No association was found between the TC or TG levels with the education levels of the 
parents, household income, parents' practice of bringing child outdoors to play, 
passive smoking habit (indicated by whether the children live with a smoker or not) 
and amount of pocket money of children. Moreover, the factors listed above were also 
not associated with obesity in these children. 
4.11 Clustering of Risk Factors among Obese children 
The clustering of the CHD risk factors among the obese children was also observed. A 
risk factor score was calculated from the eight risk factors of CHD: positive family 
history of hypercholesterolemia; a borderline or high serum TC level; both father and 
mother obese; percent energy from fat greater than 30%; percent energy from saturated 
fat greater than 10%; daily cholesterol intake greater than 300 mg; performing only 
light activities during leisure time; and not performing any vigorous activities during 
leisure time. The risk factor score, ranging from 0-8, was used to indicate the 
occurrence of the above eight risk factors in children, so that the children with more of 
the above risk factors had a higher risk factor score. When comparing the obese 
children with the non-obese children, the risk factor score was significantly higher in 
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the obese children than in the non-obese children (4.3 ± 1.3 vs. 3.3 ± 1.3;户3.106, 
P二0.002). Moreover, the risk of having at least four risk factors was 4.5 times higher 
in the obese children (P=0.002; 1.614-12.297, 95% CI) compare to the non-obese 
children. Furthermore, significantly more of the obese than the non-obese children 
had at least four (78% vs. 44%; x2=9.092, P=0.003), five (33% vs. 15%; x2=4.388, 
P=0.036) and six (19% vs. 5%; x2=4.29, P=0.038) risk factors of CHD, indicating the 
existence of the clustering of risk factors for CHD among the obese children studied. 
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CHAPTER FIVE: DISCUSSION 
5.1 Implication of Research Findings 
This cross-sectional study tried to understand the relationships between some CVD 
risk factors in a group of mainly 9-10-year olds Hong Kong children, and found that a 
high serum total cholesterol level (4.36 mmol/L)，a high prevalence of obesity (23%), 
unhealthy dietary habits (high fat, high cholesterol, low fiber and calcium intake) and 
an inactive lifestyle, with most time spent doing light rather than doing vigorous 
activity, are experienced by the children. However, due to the cross-sectional nature of 
this survey, the relationships between variables found in this survey need to be further 
examined and verified by other studies in Hong Kong, both cross-sectional and 
longitudinal, particularly to elucidate temporal aspects of the relationships, which 
cannot be described from this work. 
Reflotron® Dry Chemistry was chosen to measure the blood TC and TG level in the 
children of this study group because it is portable, uses only a small volume of blood, 
and it has proved to be practical, providing rapid, accurate and reproducible 
cholesterol values. By comparing the result of TC measurement obtained from 
Reflotron® to that of laboratory methods, a good correlation (r>0.92) was found 
between the results from enzymatic (CHOD-PAP) routine method in children 
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[Lapinleimu et al., 1994] and the results from the Hitachi 705 analyzer (r=0.935) in 
adults [Phillips et al., 1988]. Moreover, a high reproducibility of the results by 
Reflotron® Dry Chemistry was demonstrated by testing the TC values of 80 adults on 
two consecutive days, in which the mean values from day one (5.38土1.17 mmol/L) did 
not differ significantly from that of day two (5.30± 1.14 mmol/L) and the mean 
difference was 0.079 mmol/L with standard deviation of 0.045 mmol/L [Phillips et al,, 
1988]. Furthermore, the mean cholesterol value from a venous blood sample 
9 
(3.72土0.75 mmol/L) was highly correlated with the value from the capillary finger-
prick samples (3.70士0.79 mmol/L) of 80 children, with the difference was only 0.54% 
and the correlation coefficient 0.916 [Lapinleimu et al., 1994]. However, results from 
the Reflotron® were generally lower than that from laboratory method assay, with 
3.7% or 0.32 mmol/L lower cholesterol values was found in the Finnish [Lapinleimu et 
“/. ’ 1994] and Australian [Jenner et al, 1991] children, respectively. Thus, the serum 
TC values obtained in this study by the Reflotron® Dry Chemistry were reliable and 
accurate but were believed to be lower than those that would be obtained by the 
laboratory methods, and therefore the prevalence estimates found in this study are 
conservative. 
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Owing to difference in the location of the schools, the parent's educational level and 
household income of the students from School One were higher than those from 
School Two, as School One is near some private housing estates but School Two is 
near some public housing estates and most of the students are lived nearby the schools. 
The difference in location of the two schools resulted in the final sample pool consisted 
of children come from families of different socioeconomic backgrounds and the 
distribution of the parent's educational level and household income of children were 
similar to those of Hong Kong population, which indicate the representative of this 
survey. 
About half of the children had a TC level at borderline or high level which may require 
further lipoprotein analysis and dietary recommendations as recommended by the 
NCEP [National Cholesterol Education Program, 1992]. The mean TC value of the 
children in this study group was lower than the value obtained from Hong Kong 
children aged seven years [Leung et al., 1994b] but higher than those from Hong Kong 
children aged eleven years [Leung et al., 1998], and higher than the children in most 
countries, such as China, the Philippines, Ghana, the United States, British, Canada 
and some Europe countries, but lower than those in Finland and the Netherlands (Table 
5.1). 
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Table 5.1. Comparisons of the mean total cholesterol values of children in this study 
group to the values of children and adolescents in other countries. 
Country Age (y) Mean TC value (mmol/L) 
Finland' 9 4^1 
Hong Kong' 7 4.59 
The Netherlands' 9 4.50 
Hong Kong (present study) 8-12 4.36 
The United States' 7-8 4.32 
Australia^ 10-12 4.31 
HongKong8 11 4.18 
Italy' 9 4.11 
Hungary^ 7-8 4.11 
British^ 8-9 4.09 
Canada' 10-15 3.90 
China' 8-11 3.87 
Israel' 7-8 3.85 
Philippines^ 7-8 • 3.80 
Ghana^ * 3.31 
Source: 1，[Knuiman et al., 1983]; 2, [Feng et al., 1997]; 3, [Jenner et al., 1991]; 4， 
[Knuiman eM/., 1979]; 5’ [Rona etaL, 1996]; 6, (Suter and Hawes, 1993); 7, [Leung et 
al., 1994b]; 8, [Leung et al, 1998]. 
Consistent with the findings of Hong Kong children aged seven [Leung et al., 1994b] 
and eleven [Leung et al., 1998] years old, no statistically significant difference in the 
TC levels was found between the boys and the girls in this study, although some 
studies have shown that the mean TC values were higher in the girls than the boys in 
two Western and one Asian population [Boulton et al., 1995b; Chu et al., 1998; Leis et 
al., 1999]. A high serum TC level in Hong Kong children is of concern, as a study in 
Finland showed that many of the children wil l carry their high childhood TC levels 
into adult life [Webber etal, 1991], which wil l increase the risk of CHD and all-cause 
mortality later in life [Kronmal et al., 1993]. However, because the estimation of the 
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prevalence of children with a high TC level in this survey was conservative, action 
must taken now to gather population-based data on the serum TC levels and other 
blood lipid fractions of Hong Kong children. Moreover, health promotion or 
appropriate preventive measures should be carried out and must focus on the two main 
environmental factors that are related to TC level and obesity of an individual - the 
dietary and physical activity habits. 
Childhood obesity has emerged in Hong Kong. The prevalence of obesity in this small 
study group (overall 23%; 29% in boys and 19% in girls) was higher than that of Hong 
Kong children aged 3-18 years (13.4% in boys and 10.5% in girls) [Leung etaL, 1996]， 
and also those children in China (11.7%) [Feng etaL, 1997], Taiwan (15-17%) [Yen et 
al, 1994], Singapore (15% for boys and 13% for girls) [Cheah, 1997] and the Untied 
States (11.4% for males and 9.9% for females) [Troiano and Flegal, 1998]. Moreover, 
a higher prevalence of obesity in the boys than in the girls was consistent with the local 
findings and also the findings in other countries as listed above. The higher prevalence 
of obesity observed in this study group may be due to the effect of small sample size, a 
different age range and/or different definitions for obesity between countries. 
However, this may also indicate the actual situation in Hong Kong now. The 
territory-wide growth survey on 25, 000 children was done in 1993, since that study, 
no study with a large sample size has been carried out to investigate the trend of 
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childhood obesity in Hong Kong. A small survey of 869 children aged 9-12 years in 
1997 showed a childhood obesity rate similar to this one [Guldan et al,, 1998]. The 
prevalence of childhood obesity is increasing worldwide, in the countries such as USA 
[Troiano and Flegal, 1998], China [Ye and Feng, 1997] and Singapore [Cheah, 1997]. 
The potential tracking effect of childhood obesity into later life [Serdula et al., 1993], 
the associated morbidity and mortality in later life from other diseases [Must et al., 
1992], and both the Taipei study of obese children [Chu et al., 1998], along with the 
present study showing that the clustering of the CHD risk factors presence among 
obese children and obesity's key relationship with TC levels indicate that it is time to 
examine the actual prevalence and the trend of childhood obesity in Hong Kong again 
with a larger-scale population-based study so that appropriate actions can be take to 
improve the quality of life of the future young generation in Hong Kong. 
The children in the present survey had embraced an unhealthy dietary pattern. The 
diets of the children were high in fat, with 32% energy from fat and 59% of the 
children with fat intake >30% of total energy; high in dietary cholesterol, with 
cholesterol intake of 241 mg/day, and 29% of the children with intake greater than 300 
mg/day; low in polyunsaturated fat, with 6% of total energy from polyunsaturated fat; 
and low in fiber intake, only intake 6 g/day and only 4% of the children with adequate 
daily dietary fiber intake. The reasons for low dietary fiber intake may be associated 
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with the eating behaviors of the children, in which only 12% and 20% of the surveyed 
children reported consuming enough fruits and vegetables to meet even the very 
lowest limit recommended by the Hong Kong Food Pyramid. Moreover, a high 
consumption of the unhealthy snacks, such as soft drinks, candy and cookies was also 
observed in the children. Although the sample size of this survey was not large, two 
other small surveys of the dietary practices of Hong Kong children and adolescents 
also obtained similar findings [Lee et al., 1994; Guldan et al., 1998]. In addition, only 
calcium and iron intakes were found to be significantly different when comparing the 
dietary data obtained from telephone interviews and self-administered questionnaires, 
indicating the intakes of the other major nutrients concerned were probably not been 
affected by collection method. Therefore, the results of this survey about the diet of 
Hong Kong children are consistent with other local findings and probably reflect the 
current dietary habits of Hong Kong children. Such unhealthy dietary habits in 
children wil l certainly put them at risk for CHD or other diet-related diseases, such as 
certain types of cancer, in the future. Therefore, immediate actions must be taken to 
establish appropriate healthy eating recommendations and policy to lower the risk of 
developing diet-related chronic disease in the future. 
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The P/S ratio has been used as an indicator of whether a diet is atherogenic and 
promoting CHD, but as suggested by Ulbricht [Ulbricht and Southgate, 1991], P/S 
ratio is not an appropriate indicator. This is because not all, but only three of the 
saturated fatty acids (lauric acid, myristic acid and palmitic acid) are 
hypercholesterolemic. In this study, we also found that P/S ratio may be misleading, as 
a quite high P/S ratio found in the diet of children in this study group was due to both 
the low intakes of saturated fat and polyunsaturated fat, but not the high intake of 
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polyunsaturated fat and the low intake of saturated fat, the diet that believe can protect 
against CHD. Hence, when using P/S ratio to evaluate a diet, caution must be taken. 
The difference in PAI observed in the two schools may attribute to the difference in the 
period of conducting the survey, as one was studied in the fall and the other in the 
spring. Although more than two-thirds of the children reported they like to do exercise 
or sports and have engaged in exercise and sports weekly, only one-third of the 
children performed vigorous activity during their leisure time and more than half 
reported performing only light levels of activities during their leisure time. Moreover, 
as the parents in Hong Kong concentrate more on academic rather than physical 
activity performance of their children, the children may be required to spend more time 
doing homework which may displace the time for doing exercise or sports or other 
more vigorous activity. Although they spent more time doing exercise or sports on 
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weekend days than on weekdays, even during the weekend days they still spent most 
of the time doing homework or having revision and watching television. We found 
that the most popular activity performed during leisure time was watching television, 
followed by reading, playing video games, sleeping and playing with toys, all of which 
represented only light levels of physical activity. Consistent with the studies in the US 
children that have already shown hours of television to be associated with obesity 
•Woodring，1998] and a higher serum TC level in children [Wong et al., 1992b], this 
study also found that, children who watched more TV also had a higher TC level. 
Moreover, a study by Raitakari et al.[Raitakari et al., 1994b] showed that physical 
inactivity shows better tracking than does physical activity, and the people who are 
constantly inactive have a less beneficial coronary risk profile compared to those who 
are constantly active. In addition, consistent with the findings of the Irish children 
[Riddoch et a l , 1991]，the results from this study showed that the older children were 
less active than the younger children, as indicated by a lower PAI in the older children. 
Although, the relatioships between hours of TV watching and age, with the TC levels 
of Hong Kong children need to be further confirmed by other studies, a physically 
active lifestyle certainly should be promoted at all ages in Hong Kong by providing 
skills to children in performing more vigorous activities other than light activity, and 
also by changing their environment so as to make sports or exercise more attractive to 
them, so they enjoy it and displace the less vigorous activities. However, it is 
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important to include parents in the health promotion program [Burke et al., 1995], as 
parents can control the activity performed by the children and support or encourage 
them to engage in sports or exercise. 
Consistent with some findings in the developed countries [Wilson and Lewis, 1992; 
Rona et al., 1996], the mean serum TC value in this group was higher in the obese than 
the non-obese children. A controversial relationship exists between BMI and the TC 
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levels of children [Resincow and Morabia, 1990; Wilson and Lewis, 1992; Suter and 
Hawes, 1993; Dwyer and Bibbons, 1994; Caprio et a l , 1996] but in this study, BMI 
was significantly associated with the TC levels of children. The children who deposit 
more truncal than peripheral fat seem to have a worse lipid profile [Freedman et al., 
1989], and in this study SSF (an indicator of truncal fat deposition) was positively 
correlated to the TC levels of children. Moreover, as stated in Chapter Four, BMI, 
SSF and TSF in this study group of children were higher than that of their Caucasian 
counterparts, which may partially explain a higher mean TC value of children in this 
study group than the children in the United States, although other factors such as the 
dietary habits and the physical activity patterns may also have certain effect on the TC 
levels of children. As most of the relationships found were between WC and the lipid 
fractions other than the TC levels [Freedman et al., 1999;Freedman et al., 1989]，so 
WC of the children was not related to their TC levels in the present study. However, 
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the WC values were found to be associated with the adverse TC levels in Hong Kong 
adults [Lee et al, 2000], so the association found between the TC levels and WC in 
Hong Kong children should be further confirmed. 
In contrast to the findings in Taipei children [Chu et al., 1998b], no significant 
relationship was found between obesity and the TG levels of children. Moreover, the 
studies in Hong Kong and other countries found that the TG levels in children were 
correlated with BMI [Freedman et al., 1989; Leung et al., 1994b], skinfold thickness 
[Suter and Hawes, 1993; Leung et al., 1994b] and WHR [DuRant et aL, 1993]，but no 
association was found between the TG levels and any body fatness indicators in the 
children of present study. This may probably be the result of the small sample size 
with measurable and high TG levels in this survey. Therefore, the relationships 
between obesity，body fatness and the TG levels in Hong Kong children need further 
study. 
Studies from abroad show that a diet with a higher percent of energy from total fat, and 
saturated fat [Shea et al., 1991; Wilson and Lewis, 1992], but a lower percent from 
monounsaturated fat and carbohydrate [Gonzalez-Requejo et al., 1995] is associated 
with a higher TC level in children, but the relationships with dietary cholesterol and 
fiber are controversial. Consistent with the study of the British children [Morley et al.， 
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1998], the TC levels of the children in this study group were not associated with most 
of the dietary components, with the exception of a positive relationship between TC 
level and intake of fiber. This may because of the weakness of the database for some 
added local Chinese foods, in which the nutrient content of some of the foods was 
incomplete, especially with respect to saturated, monounsaturated and polyunsaturated 
fat, which may have resulted in the underestimation of the nutrient intakes of children. 
The relationship between dietary fiber and the TC levels was in contrast with the 
findings in an Australian study [Boulton et al., 1995b], in which dietary fiber intake of 
11-year-old children was negatively correlated with the TC levels. In fact, association 
between dietary fiber and the TC levels is controversial [Ulbricht and Southgate, 1991". 
Until now, some studies showed that dietary fiber had no effect on the TC levels 
[Porrini et al., 1991], and some found a positive one [Rimm et al., 1996]. However, 
the positive association found between dietary fiber and the TC levels in the children 
of this study maybe attributed to the relationship between family history of 
hypercholesterolemia and dietary fiber intake, since those children with a positive 
family history of hypercholesterolemia also consumed more dietary fiber in their diet 
(7.6 土 4.4 vs. 5.7 土 3.8; /=2.245, P=0.026), and a positive family history of 
hypercholesterolemia was found to relate to the TC levels of children in this study. 
Moreover, the effect of dietary fiber on lowering the TC levels of people is mainly for 
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the soluble dietary fiber component [Jenkins et al., 1993]，while the dietary fiber 
measure in this study combined both soluble and non-soluble fiber. Thus, the 
association between the dietary components and the TC levels of children needs to be 
further investigated with a better and more complete local food database for the 
analysis of dietary data. 
Interestingly, when our results were compared with a similar survey in China of 180 
children aged 8-11 years [Feng et al., 1997], the children in Hong Kong not only had a 
higher TC level (4.40 mmol/L vs. 3.87 mmol/L) but also a higher prevalence of obesity 
(23% vs. 12%). At the same time, the diet of the children in Hong Kong derived less 
energy from carbohydrate (54% vs. 59%), and a higher percentage of energy from total 
fat (32% vs. 26%), but the daily cholesterol consumption was higher in the children 
from China (483mg/day vs. 241 mg/day). Although the physical activity patterns were 
not examined in the study in China, the above findings indicate that the difference in 
the TC levels in these two groups of children with a similar genetic background may be 
associated with the differences in lifestyle factors, i.e. diet (high fat and low 
carbohydrate intakes) and probably the physical activity patterns also which together 
could result in the higher prevalence of obesity and TC levels in Hong Kong children 
when compared to those in China. 
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In contrast to the finding in British children [Morley et al., 1998] but consistent with 
the finding in Australian children [Dwyer and Gibbons, 1994], no association was 
found between the physical activity patterns, as indicated by the PAI, liking to do 
exercise or sports and the leisure time activity pattern, and the TC levels of the children 
in this survey. In fact, the association between physical activity and the TC levels is 
conflicting in both adults and children, this maybe due to the lack of a "Gold 
Standard" measure in assessing the physical activity of people [Raitakari et al, 1997], 
making it difficult to accurately assess the physical activity levels. Moreover, since 
different studies use different methods to assess and define physical activity of target 
groups, it is difficult to compare the results between studies. Therefore, a simple, 
accurate and easy to use method to assess physical activity pattern of people should be 
developed for both the adults and the children, so that studies between and within 
countries can be compared and the relationships between physical activity and the risk 
factors of CHD would be more confirmed. A step in this direction might be the new 
School Health Index (SHI) for Physical Activity and Healthy Eating developed by the 
Centers for Disease Control and Prevention of the US Department of Health and 
Human Services [Centers for Disease Control and Prevention, 2000]. The SHI enables 
schools to identify strengths and weakness of their physical activity and nutrition 
polices and programs, and then provide structures and directions to the schools to 
improve their health promotion polices and programs. Other methods similar to the 
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SHI should develop to assess the physical activity pattern of an individual. 
Those children with a positive family history of hypercholesterolemia had a 
significantly higher mean TC level than those children without such family history，a 
relationship consistent with those findings in the developed countries [Stare et al., 
1991;Wong et al., 1992b]. With respect to the potential relationships between a high 
TC level and a family history of hypercholesterolemia, the people in Hong Kong 
should also be made aware of these relationships and health community should pay 
more attention and take appropriate action on the children from families with a family 
history of hypercholesterolemia. However, we lacked information about whether the 
children in our study live with their parents, grandparents, or possibly others, so it is 
difficult to conclude whether the effect of a positive family of hypercholesterolemia on 
the TC levels of the offspring is mainly genetic or shared environment or both, which 
need to be further clarified. As genetic influences are conceptualized as family history 
of hypercholesterolemia and parental weight status in this survey, this 
conceptualization cannot investigate another important factor -- shared environment, 
which may also explain the higher TC levels in children with a family history of 
hypercholesterolemia. However, by multiple regression analyses, obesity followed by 
hours of TV watching at weekdays explained more of the variation in blood TC levels 
than family history of hypercholesterolemia and gender, so the environmental factors 
• 103 
such as dietary habit and physical activity pattern may have a greater influence on the 
blood TC levels of children than biological or genetic factors. 
In agreement with the findings of Yand and Hu [Yand and Hu, 1998], the obese 
children in this study also disliked physical activity, and consistent with the findings of 
Wong et al. [Wong et al., 1995], obesity was not related to the hours of sleeping and 
TV watching in the children of this study group. Other studies showed that the more 
physically active individuals had lower BMI [Dwyer and Gibbons, 1994] and 
subscapular skinfold thickness [Raitakari et al., 1997] than the less active individuals. 
However, our study found that the more physically active the children were, as 
indicated by their liking to do exercise or sports and also reporting performing other 
than only light activity during their leisure time, the more fit and with less body fat 
they were. Since the obese children in this study spent more time doing light rather 
than vigorous activity during leisure time, in order to effectively control the high 
prevalence of childhood obesity in Hong Kong, physical activity should be promoted 
to encourage the children to get more vigorous physical activity by doing more sports 
or going to play at the playground, instead of spending so much time watching 
television and other sedentary activities. 
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The studies in other countries have shown that the differences in energy, 
monounsaturated fat [Zhu et al., 1993], protein, fat, carbohydrate and cholesterol 
intakes exist between the obese and the non-obese children [Ortega et al., 1995]. 
However, consistent with a local study of the adolescents [Ho, 1990], no significant 
difference in energy, fat, saturated fat, unsaturated fat, carbohydrate, protein, 
cholesterol, dietary fiber intake and P/S ratio was found between the obese and the 
non-obese children of this study. Other than the weakness of the database in the 
* 
analysis of dietary data that has been discussed above, such a discrepancy may be the 
result of the obese children underreporting their food intake [Lichtman et al, 1990]. 
Although both the normal weight and overweight adolescents wil l underreport food 
intake, it has been found to be more pronounced amongst the overweight and obese 
subjects in Spain [Ortega et al., 1995]. Moreover, as obesity develops over many years, 
only current dietary patterns may not reflect the actual diet patterns over the time 
periods when obesity was developing in these children. In addition, the above findings 
may indicate that, the main factor contributing to obesity in the children of this study 
group may be mainly inactive lifestyle of the children rather than the dietary factors. 
As has been discussed above, physical inactivity was significantly related to the 
obesity and body fatness in this group of children. However, the obese children may 
have also been aware of their fatness as well as the energy-dense nature of some 
high-fat foods, so they consumed, or reported consuming, fried eggs, whole milk and 
1(X5 
bread spreads less frequently than the non-obese children. Furthermore, for other 
associations between various food intake variables, multiple comparisons in analyzing 
the dietary variables may increase the chance of having statistically significant 
correlation between variables. 
Unexpected associations were found between family history of hypercholesterolemia, 
obesity and body fatness of children. As obesity is associated with high TC levels in 
adults [Garrow, 1992], the parents or grandparents who have hypercholesterolemia 
may also be obese. Moreover, the studies in other countries have shown that the risk of 
being overweight in children increases i f the parents of the children are overweight or 
obese [Wong et al., 1995; Yand and Hu, 1998] as BMIs of the parents are positively 
associated with that of children [Boulton et al., 1995b]. Although data were not 
gathered about the height and weight of the grandparents in this study, when 
comparing the mean BMI of the seven fathers who had hypercholesterolemia to that of 
111 fathers who did not have hypercholesterolemia, a significantly higher mean BMI 
was observed in the group of fathers with hypercholesterolemia (26.2 土 1.4 vs. 23.6 土 
2.9;户2.209, P二0.029). Thus, the association between family history of 
hypercholesterolemia and obesity may be the effect of higher BMI or prevalence of 
obesity in the parents or grandparents with hypercholesterolemia as compared to those 
parents or grandparents without this condition, so as the association between family 
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history of hypercholesterolemia and body fatness of children.. 
The BMI cut-off used in classifying the weight of the parents was 23 for overweight 
and 25 for obese as suggested by the Asia-Pacific Steering Committee on Obesity 
[Asia-Pacific Steering Committee on Obesity, 2000] for Asians, as this cut-off seems 
even more appropriate for Hong Kong adults. A recent study among the Hong Kong 
adults showed that the risk of having at least one cardiovascular risk factor was lowest 
in the subjects with a BMI lower than 23 kg/m^ and significant increasing trend of risk 
across the increasing intervals of the BMI values was observed [Lee et al., 2000:. 
Thus, for this study, it was decided that it is more reasonable to use BMI cut-off of 23 
for overweight Hong Kong adults than the one recommended for the Western 
populations (BMI>25 kg/W). 
Although about 30% of the study children were bom in China, no significant 
difference was found in the main risk factors (TC level and obesity) of CHD examined 
between the two groups of children. Al l of the children bom in China were living in 
Hong Kong for at least half a year and at most eight years. In fact, the child bom in 
China may already be leading a lifestyle that is similar to that of a Hong Kong child. 
The prevalence of obesity in the children who were bom in China was 22% in this 
study, while another recent study in Hong Kong in 457 new immigrants from China 
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found that obesity rate was 11.5% for the boys and 7.0% for the girls [Chow and Tse, 
2000], both rates are higher than the rates found in the children in most urban cities of 
China [Ye and Feng, 1997]. The Chinese new immigrants should become a main 
focus of the Hong Kong child health surveys in the future, perhaps by over-sampling 
them, as they make up a significant proportion of the young Hong Kong generation 
and their health status will surely have a certain degree of impact on the health status of 
the Hong Kong public. Other countries pay special attention to the health of minority 
groups, and this group makes up an increasingly large minority. 
5.2 Limitations 
As mentioned in the sample selection, only about 7% of the schools responded to our 
invitation, and response rate from the parents in the two participation schools was less 
than 50%. The school principals, parents and the public in general were not aware the 
importance of this survey, as they do not now how serious CHD is in Hong Kong. 
Most of the people only know that cancer is a leading cause of death, but they do not 
know that CHD is also a main killer. Deficiencies in the knowledge of CHD and its 
risk factors among the Hong Kong adults have been demonstrated [Han et al., 1998:. 
The low response rate was also partly due to the unwillingness of the parents to let 
their children have blood sampling, probably because of cultural reasons acting as a 
barrier. According to the report of a survey of Leung et al, who have followed 174 
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infant since 1984, at seven years of age, only 94 out of the 125 children who had 
complete all the anthropometric measures were willing to have lipid profile 
measurement [Leung et al., 1994b], but by the time the children reached aged 11, only 
49 out of the remaining 98 children who had also complete all anthropometric studies, 
bioelectrical impedance measurements and magnetic resonance imaging examinations 
consented to have a fasting blood sample [Leung et al., 1998]. The resulting response 
rate of 50% was a percentage close to that of the present study. The low response rate 
for taking blood sample from the children in Hong Kong probably arises from the 
traditional idea that the children wil l get hurt and it is not safe to having blood 
sampling, since some of the parents thought that their child were in a high risk of being 
/ 
infected with some virus during the process of taking a blood sample. These attitudes 
should be further elucidated by anthropological study. 
The stages of puberty of these children were not considered in this study. Studies in 
the children and adolescents have shown that the TC levels are greater in prepubertal 
than in postpubertal [Porkka et al., 1994a ； Boulton et al., 1995b] children of the same 
sex and age. Moreover, the limited measuring range of the Reflotron® dry chemistry 
equipment resulted in three and 111 students being excluded from the analysis of TC 
and TG, respectively, because their readings were below the lowest detection values of 
the instrument. In addition, other than missing food composition data for local foods 
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in the database, no data about the fatty acid composition of different kinds of saturated 
fat and unsaturated fat in foods are available. It is known, however, that not every 
saturated fat and monounsaturated fat has the same effect on the lipid levels of humans 
[Ulbright et al., 1991], so it is very important to improve the nutrient database to 
investigate the effect of individual saturated fat or monounsaturated fat on the lipid 
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS 
The findings from this survey demonstrated an urgent need for qapopulation-based 
data collection among the children in Hong Kong and the vigorous promotion of a 
healthy lifestyle among the children and their families. High TC level, high 
prevalence of childhood obesity, unhealthy dietary habits and inactive lifestyle, factors 
which all contribute to CHD, were observed in this group of mainly aged 9-10 years 
i 
Hong Kong children. 
A further study with a larger and population-based sample size, a wider age range, and 
including more risk factors (blood pressure, plasma insulin, plasma glucose, 
lipoproteins, apolipoproteins, etc.) in addition to those being examined in this study, 
should be carried out to have a fuller picture of the CHD risk factors in the Hong Kong 
children. Moreover, a longitudinal study to investigate the trends over time of the risk 
factors, the long term changes in the relationships between risk factors, and also the 
tracking patterns of the risk factors throughout life in Chinese children should be 
performed in Hong Kong, in order to help in the design of effective and appropriate 
preventive measures and health promotion activities. 
I l l 
Health promotion activities that focus on the healthy dietary habits and active lifestyle 
should attain a higher priority in the policy agenda. The government, mass media, 
parents and schools should cooperate to improve the quality of life of the whole 
population. The government and mass media should cooperate to educate and inform 
the public, enhancing their awareness and knowledge about CHD and its risk factors. 
Health promotion concentrating on introducing a healthier lifestyle with healthier 
dietary habits and a more physically active lifestyle should be promoted through out 
the whole community. More attention should be given to the children, as the children's 
food preferences are shaped by early experience with food and eating [Story et al., 
1999], so that obtaining healthy eating habits in childhood can have influence for the 
entire life of an individual. To have a successful promotion or intervention program 
for children, the involvement of the family is very important, as the parents or other 
caregivers are the models for children and the parents can also easily modify the living 
environment and also the food choice, eatin、g and physical activity habits of their child, 
and it is better to emphasize positive rather than negative motivation techniques 
[Epstein, 1993]. Moreover, school is the best place to provide optimum nutrition and 
physical education opportunities to the children and to educate them about the 
importance of nutrition and physical activity, as it is the easiest and most effective way 
to access almost all of them. 
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Appendix I 
Health Survey Questionnaire 
De3r 门 ts/Gu3rdi3 门 s: 
Below are some health questions about your child. For each question below, please circle the 
appropriate answer or write the information required. We strongly encourage that both 
parents/guardians who are most familiar with the answer of the questions fill in the questionnaire 
together with the child whenever it is appropriate. 
(office use only) 
Survey No.: 
1 • Name of Student: 
» • • • " " • " ‘ 
2. Class of Student: 
3. Sex of Student: 
(1) Male 
(2) Female 
4. Date of Birth of Student: (Day) (Month) (Year) 
5. Place of Birth of Student: 
6. Which of the following best describes the current dietary habit of your child? 
(1) No special diet, eat almost everything 
(2) Eats low-fat diet in order to reduce plasma lipid and cholesterol level 
(3) Does not eat red meat 
(4) Vegetarian 
(5) On weight control / reduction diet 
(6) Picky eating, do not eat / do not like to eat: 
(please fill in the name of foods or food items) 
(7) Other, please specify (e.g. diabetic diet, food allergy, etc.): 
. 1 2 9 
： ^ 
7. At the present time, does your child live with persons who smoke cigarettes regularly? 
(1) Yes 
(2) No 
8. . On each week or month, how much pocket money does your child had? 
Every week $ or Every month $ 




10. (For female student only) Has your daughter had her first menstrual period yet? 
(1) Yes 
(2) No 
11. Has a doctor ever told you that your child had any of the following health problems? 
For each condition check "YES' or" NO'. 
Disease YES(1) NO (2) 
a. Any Heart Diseases & Coronary Heart Disease 
b. Diabetes 
c. High Blood Cholesterol 
d. High Blood Pressure 
e. Kidney Disease 
f. Lung Disease 
g. Liver Disease 
12. Do (did) any of the relatives of your child have any of the health conditions listed below? 
Please punt an on the appropriate box for ‘‘YES’ 
"X' on the appropriate box for" NO' and “ DONT KNOW 
Disease Mother Father Grandfather Grandmother 
a. Any Heart Diseases and 
Coronary Heart Disease 
b. High Blood Cholesterol — “ — 
c. Stroke IZIIIZZZZIIZIZIIIIZIIZIIZIZIIZIIZIII 
d. High Blood Pressure 
13. Weight of Father: {circle one and/or fill in a number) 
(1) (kg/lbs.r 
(2) Don't know 
130 
• 
14. Height of Father: (circle one and/or fill in a number) 
(1) (cm / m)* or feet inch 
(2) Don't know 
15. Weight of Mother: (circle one and/or fill in a number) 
(1) (kg/lbs.r 
(2) Don't know 
16. Height of Mother: (circle one and/or fill in a number) 
(1) (cm / m)* or feet inch 
(2) DorTt know 
•Delete whichever is inappropriate 
17. The highest level of education have completed in school by father is: 
(1) No schooling / Kindergarten 
# 
(2) Primary 
(3) Secondary, up to F.3 
(4) Secondary, up to F.5 
(5) Matriculation 
(6) Post-secondary or above 
18. The highest level of education have completed in school by mother is: 
(1) No schooling / Kindergarten 
(2) Primary 
(3) Secondary, up to F.3 
(4) Secondary, up to F.5 
(5) Matriculation 
(6) Post-secondary or above 
19. What is the approximate monthly household income? 
(1) Below $5000 
(2) $5001 - $10000 
(3) $1001 - $15000 
(4) $15001 - S20000 
(5) $20001 - $25000 
(6) $25001 - $30000 
(7) $30001 - $35000 
(8) $35001 - S40000 
(9) Above $40001 
. 1 3 1 
^ 
Physical Activity Questionnaire 
Office use only 
Survey no.: 
Name of Student: 
Class of Student: 
Please circle the appropriate answer and/or write the information required. 
1. Does your child like to do exercises or sports? 
(1) YES 
(2) NO 
2. a. On average, has your child do exercises or sports per week? 
(1) YES 
(2) NO (GO TO Q.3) 
b. If "YES", he/she does which exercises or sports, how many times per week and for how long 
each time? 
Exercise 1: time(s)/week-^ each time does min. 
Exercise 2: 今 time(s)/week今 each time does min. 
Exercise 3: 今 time(s)/week今 each time does min. 
3. On weekdays (school days), your child uses how much time on doing the following activities? 
1 min 31 min 60 min 90 min 121 min 
to to to to or 
Never 30 min 60 min 90 min 120 min above 
a. Doing homework 
b. Watching TV 
c. Playing video games 
d. Doing exercises or ports 
e. Reading books or playing with toys 
f. Afternoon sleep 
. 1 3 2 
• 
4. On holidays (not school days), your child uses how much time on doing the following activities? 
1 min 31 min 60 min 90 min 121 min 
to to to to or 
Never 30 min 60 min 90 min 120 min above 
a. Doing homework 
b. Watching TV 
c. Play video games 
d. Doing exercises or sports 
e. Reading books or playing with toys 
f. Afternoon sleep 
5. a. Do you take your child to have outdoors physical activity? 
(1) YES 
(2) NO, (GO TO Q. 6) 
b. If "YES", how often? (pis. Fill in a number and circle Week or Month) 
times per Week(1) or Month(2) 
Please list the top 3 activities that your child usually does during his/her 
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Food Frequency Questionnaire 
Name of Student: Office use only 
Class of Student: Survey no. ___ _ 
Dear Parents / Guardians: 
Please consider each of the following food / beverage item one by one, and then think about how often at 
last year, on average, your child consumes each item. Please put an "X" on the box that best represents 









Fruits (1 med. Orange size) 
Vegetables (1 med. Rice bowl amount) 
Egg 
a. Whole (Fried / Scrambled) 
b. Whole (Other cooking methods) 
Organs of Ox / Pig / Chicken 
Poultry 
a. With skin 
b. With skin removed 
Meat 
a. With fat 
b. With fat removed 
Fish 
a. Fried / Deep fried 
b. Other cooking methods 
Milk (not including soya product, like Vita soy milk .... ) 
a. Whole / Condensed / Flavored milk 
(like chocolate ..... ) 
b. Skimmed / Low fat milk 
9. Soft drinks / Boxed drinks (not including 
soya product, milk and fresh fruit juice) 
10. Peanut butter / Butter / 
Salad dressing I Margarine 
11. Ice-cream I Cheese I Yogurt I Milk Shake 
12. Potato chips I French fries / Shrimp chips 
13. Other deep fried foods (e.g. Yau-Char-Kwai I 
Fried potatoes cake / Fried chicken legs .... . ) 
14. Crackers / Cookies I Cakes I Biscuits 
15. Candies / Chocolates 
Average use at last year 
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Dietary Record Form 
(Office use only) 
Survey No.: 
Name of Student: 
Class of Student: 
De3r P3rents/Gu3rdi3ns: 
To the best of abilities, recall all the foods and beverages that your child ate or drunk on Thursday, Friday 
and Saturday, starting from when he/she gets up in the morning to his/her bedtime. In the empty table 
provided below, indicate the information under the appropriate columns as detailed as possible. As your 
child has learned how to complete the table, please work together with your child. 
Here is a门 example: 
Time Food/Beverage Description Amount Location 
(a.m./p.m.) (Include preparation method, ingredients and brand name, if know) Eaten of Eating 
7:00 a.m. 1. Savoury congee, thin: 1 std bowl Home 
a. sliced fish fillet 1 tael 
b. shredded lettuce, raw Garnish 
c. peanuts, fried and salted 1 Tbsp. 
1:00 p.m. 2. Fried rice, Yeung chau 1 std bowl Food Stall 
3. Chinese tea 1 std cup Food Stall 
3:00 p.m. 4. Calbee potato chips 1 small bag Home 
3:00 p.m. 5. Coca-cola 1 can Home 
7:30 p.m. 6. Plain rice 1 std bowl Home 
7^30 p.m. — 7. Golden thread 3 tael Home 
7:30 p.m. 8. Choy sum w/ oyster sauce 100 g Home 
7:30 p.m. 9. Orange 1 small Home 
7:30 p.m. 10. Pork chops w/ lemon sauce 2QQg Home 
8:30 p.m. 11. Dryers vanilla ice-cream 1/2 std Home 
bowl 
H Z I I I I I Z Z I I Z I Z Z I I I I I I I Z I I I I I Z I I I I I I I t Z I I I I t l l l ^ 
1 3 5 
Dietary Record on THURSDAY 
Date: 
*Meal Pattern: Usual / Unusual 
Reason for Unusual Meal Pattern: 
(e.g. attended a holiday or family celebration) 
* Circle whichever is appropriate 
Time Food/Beverage Description Amount Location 
(a.fn./p.m.) (Include preparation methods, ingredients and brand name, if know) Eaten of Eating 
1 3 6 
Dietary Record on THURSDAY 
Date: 
*Meal Pattern: Usual / Unusual 
Reason for U门usu3l Meal Pattern: 
(e.g. attended a holiday or family celebration) 
* Circle whichever is appropriate 
Time Food/Beverage Description I Amount I Location 
(a.m./p.m.) (Include preparation methods, ingredients and brand name, if know) Eaten of Eating 
1 3 7 
Dietary Record on THURSDAY 
Date: 
*Meal Pattern: Usual I Unusual 
Reason for Unusual Meal Pattern: 
(e.g. attended a holiday or family celebration) 
* Circle whichever is appropriate 
Time Food/Beverage Description Amount Location 
(a.m./p.m.) (Include preparation methods, ingredients and brand name, if know) Eaten of Eating 
» 







Survey No.: (i) 
1 •學生姓名： 仲文） (英文）（1a) 
2 •學生班別： (2) 
3 •學生側： 
• (1)男 
• ⑵ 女 (3) 
4 • 學 生 出 生 曰 期 _ _ ( 日 ） (月） (年） （4J 
5 •學生出生地點： 
6 •以下那合形容你子女 /監管的魅猶的飮食習慣？ 
• ⑴沒有特別，差不多所有餓都吃。 
• ⑵舰少 o a 巴臓會選擇吃低脂的餓 0 
• ( 3 ) 不 & 紅 肉 ° 





^ (5^  
. 1 3 9 
7 .現在你子女/監管的兒童是否與有吸煙習慣的人一起牛活？ 
• (1)是 
• ⑵ 否 （6) 
8 • 你子女/監管的兒童每星期惑每月有多少零用錢？ 
每星期$ m 每月$ (7) 
9 .在你的家庭中，會因經濟問題而不能購買足夠食物嗎？ 
• (1)從不 
• ⑵ 有 時 
• (3)經常 (8) 
, 1 〇 . 如 你 子 女 / 監 飾 趟 敎 性 ： 
她是否已有月經？ 
• (1)是 
• ⑵ 否 （9) 
1 1 •你子女/監管的兒童有沒有曾經被西醫診斷患有下列的疾 
病？ 
請棚當的空格內塡上“广。 
有（1) 沒有（2 ) 
a.賢病 
b.肺病 L ^ L ^ 
c.肝病 L ^ 
d.糖尿病 C Z ] 
e . 高 細 I I I I 
f.高血膽固醇 I I I I 
g.各類心臟病 [ I D [ m — 
. 1 4 0 




敝 或 祖母或 
父 母 外祖父 外祖母 f m gf gm 
a . 中風 (10) 
b.高JfillE _ I I _ I I _ _ I I _ (11) I 
c. nMt固醇 口 口 • 口 (12) I I I 
d . 各 類 心 臟 病 及 冠 心 病 • • • • (13) I I I 
1 3 . 父 親 醒 ： 
• (1) (公斤/磅 r 
• ⑵ 不 知 道 (14) 
1 4 . 父親身高： 
• ⑴ (厘米/米)* / 口尺 吋 
• ⑵ 不 知 道 (15) 
1 5 • 删 醒 ： 
• (1) (公斤/磅)* 
• ⑵ 不 知 道 (16) 
1 6 • 删身高： 
• (1) (厘米I米)* / 口尺 吋 
• ⑵ 不 知 道 (17) 
1 靑劃去不適用者 
.141 
1 7 .父親的教育禾號是： 
• (1)沒有接受正式教育/幼稚園 
•⑵小一至小六 
• ( 3 )中一至中三 
•⑷中四至中五 
• ( 5 ) 預 科 
• (6)大專、大學或以上 （18) 
1 8 . 纖的教育雖是： 
• (1)沒有接受正式教育/灘園 
•⑵小一至小六 
• (3 )中一至中三 
•⑷中四至中五 
• ( 5 ) 預 科 
• (6)大專、大學或以上 （19) 
* 
1 9 •學生家庭平均每月總收入是： 
• (1) $ 5 , 0 0 0 以 下 
• ⑵ $ 5 , 0 0 1 - $10，000 
• (3) $ 1 0 , 0 0 1 - $ 1 5 , 0 0 0 
• ⑷ $ 1 5 , 0 0 1 - $ 2 0 , 0 0 0 
• (5) $ 2 0 , 0 0 1 - $ 2 5 , 0 0 0 
• (6) $ 2 5 , 0 0 1 - $ 3 0 , 0 0 0 
• (7) $ 3 0 , 0 0 1 _ $ 3 5 , 0 0 0 
• (8) $35,001 - $ 4 0 , 0 0 0 
• (9) $40，001 或 以 上 (20) 









• (2)否 、 
2. a.你子女/監管的兒童平均每翻有沒有做運動？ 





運動1: 平均每翻做 次拜均每次做 分鐘(2^ 
運動2： 拜均每星期做 次种均每次做 分鐘 
運動3： 拜均每星期做 次平均每次做 分鐘 
. 1 4 3 
3.你子女/監管的兒童在平曰〔要上課的曰子〕fig^^用多少時間倣以下活動？ 
沒有做 1分鐘 3 1分鐘 6 1分鐘 9 1分鐘 1 2 1分鐘 
丨 I I 或 
3 0分鐘 6 0分鐘 9 0分鐘 1 2 0分鐘以上 
a .做功課/溫習 ————1(26) 
b . 蹄電視 I I I (27) 
C . 打 遊 纖 / 玩 • c m d ] c z ] d ] [ Z D I I (28) 
d . 腿動〔包括到戶外玩耍〕 I I I I I I I I I I I I (29) 
e . 蹄•書/耍玩具 n z i [ z u E I ] c m [ z u I I (30) 
[不包括打爾幾及玩誦窗] 
f . 午 睡 r ^ r ~ ~ ~ i (31) 
4.你子女/監管的兒童在假曰〔不用上課的日子〕平用冬少時間倣以下 
活動？ 
沒有做 1分鐘3 1分鐘6 1分鐘9 1分鐘1 2 1分鐘 
I I I 或 
3 0分鐘 6 0分鐘 9 0分鐘 1 2 0分鐘以上 
a.做功課/溫習 ———————— ————(32) 
b.蹄電視 I I I I I I I I I I I (33) 
C .打腦幾 /玩誦窗 [ ! • [ I Z ] C Z ] d ] E Z ] d ] (34) 
d .腳動〔包括到戶外玩耍〕I I I I I I I I I I I I (35) 
e .蹄隱書/耍玩具 I I (36) 
[不碰打遊纖及玩誦窗 ] 
f.午睡 L_J L J (37) 
. 1 4 4 
5- a.你是否會帶你子女/監管的兒童到戶外玩耍？ 
• (1)是 
• (2 )否’ (去問題6) (38) 
b.如果’是，，你大約每隔多久才會帶他/她到戶外玩耍？ 
(冒胃上每月惑每星期之次數） 





3. , ^ 
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飮 食 晋 _ 查 
此欄不用塡寫 





卷，請與他/她一 _ 寫 。 
過 t 年 內 平 • 食 德 
每 日 ， 每 曰 ， 每 星 期 m m . 每 月 m ] 
2 次，（•‘ > 4 - 6 3 次 flgm ‘ 
或以上\::_、\次；《：、凌''占丨或以下丄: 
ayw,y,iy»‘y>y)^  、 州 v~v 
二’ ： ‘ 
1. 新鮮生果〔份量=1個中型橙〕 ^ ^ — i —~ 一 (43) 
2 .蔬菜〔份量 = 1隻標準飯碗〕 • 目 • 3 • ‘ Z J (44) 
3. 雞蛋 
a )全隻〔煎/炒〕 n ] • 二] n D (45a) 
b)全隻〔其他烹調方法〕 L J ——： U —」 U 」（45b) 
4 . 藉 / 牛 / 雞 內 臓 3 w _ _ 
5. 雞/鴨/鵝等家禽 
a ) 連皮 • 圓 • • • 
b)去皮 • 圓 • I ] • ] _ 
6. 豬/牛 
a ) • 旨 K • 圓 • ] 口 _ _ 
b ) 去除脂肪 门 一 m r n ^(48b) 
. 1 4 6 
過 t 年 內 平 離 食 • 
每曰、每曰：：每星期每星期每月Z沒貧 , 1 
2 次 . 品 ; 4 - 6 ； i t ^ ： 3 次 _ 
或以上 M l i i 次：:、 : 1 >丨或以下 
7. 佳 ‘  “、、 
1 ‘ —一） I 1 ™ 项 I 1 — ^ ^ 
a ) 煎 / 炸 _ —一 __ r ^ l L J _ J(49a) 
b)其他烹調方法 U EllJ U i l J U _ (49b) 
8. 牛奶〔不包括宣奶，如維他奶……〕 
a)全脂/煉奶/加味牛奶 n 囚 n 因 n 口 _ 
I I I I 二 i I I — „ 
〔如朱古力奶〕 
b)脫脂/低脂 口 • 1 ] • 」 _ 
9. t ^ j c /果汁/紙包飮品 n n R n n …(i i^ 
C不钮舌宣奶、牛奶及鮮果汁] 
1 0 .花生醬/牛油/沙體 • • • O • Z J J ^ _ _ 
— I - — I — I …—- I — I ,嘱—1 
11 芝士 /乳酪 /鹏 U 一 U 一 U - J ^ _ _ 
12.薯片/炸薯fl条/蝦條 • 7 ] • • • 
13.其他煎炸食物〔如領驢炸雞 n ‘； n ‘ n —，_ 
I ——J I I J I I -J 
/油炸鬼/炸雞脾……〕 
14.曲奇餅 / 雕/餅乾 /C rackers • E 3 • H • Z J ^ 
15.糖果/朱古力 n _ n f ? n 
. 1 4 7 







： • 及 飮 料 進食份量 進 麵 點 
〔 • 煮 食 方 法 ， 所 用 過 _ 料 、 • 名 • 〕 〔 m 0 m j - M m ' 〕 
上午7:00 1 .吞拿魚三文治’舰： m m ‘ 
a . 麵蜜糖雞蛋生鋼麴 
b. 礦穌浸吞拿魚 i ^ E 
C .卡夫沙纖 ^ l E 
上午7:00 2 . 纖全脂牛奶 235 裝 mm~ 
下午12:30 3.白飯 —碗標準碗 i s ~ 
下午12:30 4. 1/4碗標準碗 i s ~ 
下午12:30 5.蒸貌魚尾 v m WM~ 
12cmx6cmx2cm 魚尾 
下午12:30 6 .白切雞(沒WO^) I S 
下午12:30 7.嫌青好(大粒) 
下午 3:00 8.可口可樂n7_K 355 mmm i s 
下午3:00 9 . 卡樂 B 原纏片 i M 
祉7:30 10.炒飯，钮舌： 1碗半標準碗 ^““ 
b.炒蛋 ^ i S 
C.炒火醒（切條) 1/4碗標準碗 i S 
社 7:30 12. » i l 
祉 7 : 3 0 13. mmmm，雨 二碗標準碗 m ~ 
a . 青 蘭 1 / 4碗標雜 
1/4碗標準碗 
社 7:30 14.西瓜 » 
社 8 : 3 0 15 .果汁姓藉果汁 250毫升盒裝 i s 
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星期四飮食記錄 




•及飮料 進食份量 進 働 點 
〔包括煮食方法’所用過酣料、酵 ^ s i g ^〕〔 p # # p f r飾 
. 1 4 9 
星期五飮食記錄 




^ 働及飮料 進食份量 進 她 點 
. 1 5 0 
星期Al欠食記錄. 




H •及飮料 進食份量 進彭也點 
〔 M舌煮食方法，所用過的材料、•名•〕〔 mmmwm〕 
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Appendix III 
The Food and Nutritional Sciences Program 
of 
The Chinese University of Hong Kong 
Children Health Survey 
Dear Parents or Guardians: 
The Food and Nutritional Sciences Programme of The Chinese University of Hong Kong is 
conducting a survey on the health of Hong Kong children. It is with great pleasure that we invite you 
and your child to participate in this survey. The aims of this survey is to investigate the relationships 
between blood lipid levels, diets, physical activity pattern, obesity and genetics of Hong Kong children. 
As Coronary Heart Disease (CHD) is the second causes of death in Hong Kong and researches from 
America had pointed out that some CHD risk factors may already exist in children and they will carry 
these risk factors to adult life. So we must investigate these factors during children stage, in order to 
develop appropriate preventive programme to effectively control the morbidity and mortality of CHD. 
Our trained investigators will visit your child's school to have some health checks on your child, 
and will take three to four drops of overnight fasting (before breakfast) blood sample by finger prick 
from your child in the morning. And we will give questionnaire to your child and will teach he or she 
how to complete the questionnaires at school and so that your child can assist you at home and work 
together. All the results or information you provided will be of great value to the understanding of the 
risk factors in children, we will treat them with strict confidence and will be used only for the purpose 
of research. 
In return of the participation, if you wish, we can send the results of this research to you. We 
wish you and your child can consider participating in this meaningful project as you and your child are 
contributing to a very important area of this research. If you decided to join our research, your child 
will bring home an Informed Consent Form for you to sign. If you have any questions, you can 
contact us by 26096119，we are glad to answer your questions. 


























X X X X 年 X 月 X 日 
. 1 5 3 
Appendix IV 
M 
The Chinese University of Hong Kong 
Food and Nutritional Sciences Program 
INFORMED CONSENT FORM FOR A CHILD HEALTH SURVEY 
I hereby grant permission to the Food and Nutritional Sciences Program of The Chinese University of 
Hong Kong to take blood sample from my child and to assess the weight, height, waist circumference, 
hip circumference, triceps skinfold thickness and subscapular skinfold thickness of my child by trained 
personnel. I also agree to aid in this child health survey by completing questionnaires on health, 
dietary and physical activity patterns with my child. 
I have read and understood the information about this survey. I understand that both my child and I 
shall remain anonymous and that the information we provide will be safely guarded and remain 
confidential. I agree to reveal my daytime or evening contact telephone number to the Division, 
which may contact me if it finds that the information I provided need further clarification. 
I have the opportunity to ask questions about this survey and that all answers provided are to my 
satisfaction. I have read the above statement and thoroughly understand the conditions that are 
required by my child and me. 
Signature of Parent or Guardian Signature of Witness Date 
of Child Participant 
( ) ( ) 
Name in block letter Name in block letter 
• want 
I to receive a health report of my child. 
I I do not want 
Daytime or evening contact number: 














*見証人姓名： — *見証人簽署： 
學生姓名•• 
日期： 年 月 日 
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Appendix VIII 
P I ^ H ^ mm 
Figure 1. Standard Bowl Figure 2. Standard Cups 
L ^ i i ^ a i I l l 
Figure 3. Table Spoon (Up) Figure 4. Standard Plate 
Tea Spoon (Down) 
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Appendix VIII 





Responses from the children to the food frequency questionnaire 
Frequency n{%) 
Food items Never <3x / l x -3x / 4x-6x / I x / > 2x per Total 
month month week day day {n) 
Fresh Fruits 1 8 ^ ^ ^ 175~ 
(amount = one (1) (5) (16) (31) (54) (12) 
medium orange) 
Vegetables 0 9 20 39 71 35 174 
(amount = (0) (5) (12) (22) (41) (20) 
volume in one 
standard bowl) 
Eggs 
Fried 4 37 60 28 20 9 158 
(2) (23) (38) (18) (13) (6) 
Other cooking 18 37 53 8 11 7 134 
method (13) (28) (40) (6) (8) (5) . 
Organ meats 57 50 13 17 323 9 169 
(34) (30) (8) (10) (13) (5) 
Poultry 
With skin 20 43 38 27 8 7 143 
(14) (30) (26) (19) (6) (5) 
Without skin 20 43 37 17 10 3 130 
(15) (33) (29) (13) (8) (2) 
Beef or Pork 
With fat 36 19 26 21 15 8 125 
(29) (15) (21) (17) (12) (6) 
Without fat 15 24 37 32 23 9 140 
(11) (17) (26) (23) (16) (7) 
Fish 
Fried 11 35 50 25 18 9 148 
(7) (24) (34) (17) (12) (6) 
Other cooking 16 19 46 47 20 5 153 
method (11) (12) (30) (31) (13) (3) 
Milk 
Whole 8 44 39 29 33 12 165 
(5) (27) (23) (18) (20) (7) 
Skim 38 39 15 20 17 7 136 
(28) (29) (11) (15) (13) (5) 
Soft or box drink 3 51 56 33 21 10 174 
(2) (29) (32) (19) (12) (6) 
Bread spreads butter 23 80 41 9 " 5 169 




Food items Never <3x/ lx -3x/ 4x-6x / I x / > 2x per Total 
month month week day day {n) 
Yogurt or cheese 8 76 49 17 14 8 172 
or ice-cream or (5) (44) (28) (10) (8) (5) 
milk shake 
French fries or 6 73 51 25 12 6 173 
potato chips or (4) (42) (29) (14) (7) (4) 
prawn crackers 
Other fried foods 16 103 28 8 10 6 171 
(9) (60) (16) (5) (6) (4) 
Cookies or biscuits 8 47 49 40 23 7 174 
or crackers (5) (27) (28) (23) (13) (4) 
Candy 2 50 54 39 19 9 173 
_ _ ⑴ (29) (31) (23) (11) (5) 
. 1 5 9 
Appendix IV 
The frequency of the reported food items liked or disliked by the children. 
Food Item Frequency, n (%) — 
Dislike 
Fruits or vegetables group 31 (47.6) 
Vegetables 19(29.2) 
Fruits 1 (1.5) 
Bean 3 (4.6) 
Apple 2(3.1) 
Carrot 1 (1.5) 
Com 1 (1.5) 
Cucumber 1 (1.5) 
Honey melon 1 (1.5) 
Onion 1 (1.5) 
Papaya 1 (1.5) 
Fish 9(13.8) 
Meat group 9(13.8) 
Meat (unspecified) 6 (9.2) 
Pork 1 (1.5) 
Chicken 1 (1.5) 
Chicken wing 1(1.5) 
Egg group 5 (7.7) 
Egg (whole) 4 (6.2) 
. Egg yolk only 1 (1.5) 
Grains group 2(3.1) 
Rice 1 (1.5) 
Vermicelle 1 (1.5) 
Seafood 2(3.1) 
Milk 1 (1.5) 
Cheese 1 (1.5) 
Any foods in black color 1 (1.5) 
Like 
Fired foods 1(1.5) 
Beef and chicken 1(1.5) 
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